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In a previous paper (1), two of the authors described a spectro- 
graphic method for the analysis of biological fluids, urine in par- 
ticular, for sodium, potassium, calcium, and magnesium. This 
method gives highly satisfactory results, but it was found in prac- 
tice that the amount of material required was sometimes incon- 
veniently large, especially for some fluids. The present paper 
describes a method developed for analyses when the amount of 


material available is too small for the former method. Addi- 
tional advantages arising from the ease of operation will be ap- 
parent and in our practice the method here described has com- 
pletely displaced the former one. 

The essential difference in the two methods lies in the source 
used for the excitation of the spectrum. In the present method, 
the source used is a special type of electric are which has been 
briefly described in an earlier paper (2) and more completely in a 
recent one (3). Carbons of the highest purity 0.5 inch long and 
0.25 inch in diameter are used. Each carbon has one end filed off 
to a smooth flat surface, and a single drop of the liquid to be 
analyzed is dried on the smooth end of each of two carbons. The 
drying should be sufficiently rapid to prevent the liquid from 
soaking into the carbons. The carbons are used as electrodes for 
the arc which plays between the dried salts on the ends of the 
electrodes. 

The arc is a high voltage, low current a.c. arc with some pecul- 
iar properties. A potential difference of 1100 or 2200 volts and a 
current of about 2.2 amperes have been found satisfactory. The 
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2 Spectrochemical Analysis 


power is supplied by a 5 kilovolt-ampere step up transformer 
such as is used in city service distribution. The impedance for 
controlling the current is put in the secondary circuit in series 
with the arc. This impedance may be pure ohmic resistance 
or may be chiefly inductive reactance. In the latter case, we 
have employed choke coils with a resistance of 100 ohms and a 
reactance of about 450 ohms at 60 cycles. Marked changes can 
be produced in the behavior of the arc and in the relative inten- 
sities of the spectral lines by varying the inductance, and the 
most favorable combination of resistance and inductance is used. 
With the choke coils described, a steady arc can be maintained 
at 1100 volts across a gap of 2.5 mm. as long as there is salt on the 
electrodes. The are will not maintain itself on clean carbons or on 
carbons which are coated with salts that do not contain a sufficient 
amount of the alkali metals. The arc does not develop nearly as 
much heat at the electrodes as does an ordinary p.c. are. After 
several minutes operation, the electrodes show no signs of red- 
ness, and as a result of this low temperature the salt remains on the 
carbons throughout the exposure. ; 

The are current and the length of the gap require very close 
regulation. The length of the gap was found to be a particularly 
important factor, and a special arc stand has been designed to give 
a constant are gap without an undue amount of care in adjusting 
it. This apparatus has been described in a recent paper (3) to 
which reference may be made for details. The are current should 
be maintained constant to within +0.05 ampere. 





Analysis for Sodium, Potassium, Calcium, and Magnesium 


The material to be analyzed was prepared by ashing it in 
silica vessels with sulfuric acid. In a previous paper (1), it was 
pointed out that this procedure led to an apparent loss of potas- 
sium but the amount is small and negligible except for the highest 
precision. A complete ashing was found to be necessary because 
the presence of a small amount of organic material caused the liquid 
to soak into the carbons much more rapidly. The ash was dis- 
solved in a solution which contained 2 gm. of lithium and 0.05 | 
gm. of chromium per 100 cc., added as chlorides. In addition to 
these elements, the solvent contained sulfuric acid (0.05 N), 
hydrochloric acid (0.05 nN), and phosphoric acid (0.03 nN). The ( 
latter was added because previous experiments showed that the 
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presence of a small amount of phosphate had a rather marked 
effect on the relative intensities of certain lines, but that this 
effect became constant for values of phosphate concentration of 
the order of magnitude given by the above quantity of phosphoric 
acid. It was much easier to add this quantity than to remove the 
phosphates from the samples. The lithium and chromium were 
used as internal standards, and the lithium also supplied the 
alkali salt necessary to make the are burn properly. 

Analyses were made for sodium, potassium, calcium, and mag- 
nesium by this method with an are of 2.2 amperes at 1100 volts 
across a2.5mm.gap. Some analyses were made for copper also, 
but the results were not very conclusive because of the presence of 
copper in the chemicals used and in the walls of the glass vessels 
used for storing the solutions. The source is very sensitive for 
copper, and, for the determination of minute amounts of copper, 
it will be necessary to use copper-free reagents and vessels as was 
done in the case of lead described in the next section. 

The analytical procedure is like that described in the previous 
paper (1). The magnesium spark line at 2795 A. was compared 
with the chromium spark line at 2835 A; potassium 4044 A. 
was compared with lithium 3985 A. ; and sodium 3303 A. and copper 
3247 A. with lithium 2741 A. The logarithm of the ratio of inten- 
sities of the selected pair of lines was found by microphotometer 
measurements on a plate calibrated by means of a stepped slit 
after the manner described by Thomson and Duffendack (4). 
These logarithms were plotted against the logarithms of the con- 
centrations for a series of prepared solutions of known concen- 
trations to give the analytical curve. After the relative inten- 
sities of the lines of the test elements and internal controls are 
determined for an unknown solution, the values are applied to the 
analytical curve from which the concentrations of the unknown 
solution are read. 

Investigation showed that the effect of one element on the 
analysis for other elements was very much smaller with this source 
than with the jet source (1), so that these effects could be neglected 
except for the effect of phosphorus. The effect of phosphorus was 
eliminated, as pointed out above, by adding sufficient phosphoric 
acid so that any changes in the concentration of phosphate pro- 
duced no changes in the relative intensities of the lines. 

In testing the method, a number of solutions were made up and 
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analyzed. The percentage difference between the values found 
by analysis and the actual values for seven such solutions, each of 
which was analyzed five times, were as follows: for potassium, 
twenty-eight of the thirty-five analyses were within 5 per cent of 
the correct values, and three were more than 10 per cent off; the 
average error was 4 per cent, the largest 17 per cent; for mag- 
nesium, eighteen of the thirty-five were within 5 per cent and six 
were off by more than 10 per cent with an average error of 6 
per cent. The results for sodium were somewhat more erratic 
and had an average error of 8 per cent. Since this work was done, 
the technique has been improved and more accurate results can 
now be obtained (3), and calcium, which could not be satis- 
factorily determined with the 1100 volt arc across a 2.5 mm. gap, 
can also be measured accurately with a 2200 volt arc across a 0.5 
mm. gap, as described in the paper referred to above. 

Most of the practical work with this method has been done on 
saliva. 5 cc. of saliva were ashed and dissolved in 1 cc. of the 
solution described above. A wide range of concentration was 
found for all of the elements for which analysis was made. The 
following values are roughly the limits of concentration found. 


gm. per l. 
SEC ER SE Di GGab ea aes JBid oc cca de ces vou tea 0.001 -0.01 
id ede Laws w neu spawe gaits uhhh 0.07 -1.5 
EE RE SEE aye ee ee ee 0.15 -1.0 
tt ei Bak ons t tate dhendinne tions eit 0.02 -0.1 
CC. che to. lo cade cies Ue seks aes otaeneta 0.0005-0 .002 


The potassium values showed a remarkable correlation with the 
condition of the teeth (5), and further research is now being carried 
on by the Dental School of the University on the relation of the 
amount of potassium in saliva to dental caries. The method is 
applicable to practically all body fluids, and it has been used for 
the determination of lead in skin, hair, finger nails, and urine of 
humans, and liver, kidney, spleen, muscle, and other tissues of 
guinea pigs. The amount of material required is limited prac- 
tically by the difficulty of measuring out very small volumes. 
Samples of fluids as small as 0.1 cc. have been analyzed suc- 
cessfully. 
Analysis of Urine for Lead 


A method for analyzing urine and tissue for minute traces of 
lead was developed at the request of two departments of the 
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Medical School of the University. The procedure is similar to 
that described above except that it has been found more con- 
venient and advantageous to oxidize the organic materials in 
urine by means of hot nitric acid in preparation for the analysis 
for lead. 

The preparation of the sample is as follows: To a 100 ec. Kjeldahl 
flask are added 5 cc. of urine and 3 cc. of a solution containing 0.01 
gm. of sodium as sodium nitrate and 0.06 mg. of bismuth as 
bismuth subnitrate per cc. The sodium is for the purpose of 
supplying alkali to the are to make it burn properly and the 
bismuth is the internal control. This solution is evaporated to 
dryness and gives a black residue because of the decomposition 


Taste I 
Determination of Lead in Urine Specimen 











Sample No. Log Lead 
Bi 
mg. per l. 

1 —4.20 0.34 
—4.15 0.35 

2 —4.17 0.34 
—4.13 0.35 

3 —4.18 0.34 
—4.19 0.34 

4 —4.16 0.34 
—4.30 0.32 

5 —4.10 0.35 
—4.20 0.34 








of the organic materials. Concentrated nitric acid is now added 
a drop at a time to the hot flask until the material turns white, 
and then the excess nitric acid is boiled off. The residue is then 
redissolved in 0.5 cc. of distilled water. A drop of this solution is 
placed upon the smooth ends of each of two carbons as described 
before and these then are used as the electrodes for the arc. A 
2.5 ampere arc at 2200 volts, 60 cycle a.c. is maintained across a 
gap of 0.5 mm. and the spectrum is photographed with a medium 
size quartz spectrograph. A condensing lens is used between the 
arc and slit to reduce the time of exposure. For the analysis the 
lead line at 2833 A. is compared with the bismuth line at 2898 A. 

A typical set of data is given in Table I for one urine specimen 
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to show the reliability of the method. Two duplicate analyses 
of each of five different samples of the same specimen were made. 
The analytical curves that have been determined enable us to 
measure lead in concentrations down to 0.1 mg. per liter of urine. 
Below this value the analyses lose considerably in accuracy. 

The importance of the preparation and maintenance of lead- 
free reagents for this work cannot be overemphasized. The 
water was triply distilled in a Pyrex still and stored in glass bottles 
lined with paraffin. The concentrated nitric acid was likewise 
triply distilled in a Pyrex still and stored in Pyrex flasks. After 
long standing, it was found necessary to redistill the nitric acid. 
The sodium was added as sodium nitrate that had been prepared 
from lead-free sodium hydroxide and lead-free nitric acid. The 
bismuth subnitrate was tested and found to be lead-free. All of 
the reagents were tested before use by examining their spectra 
when excited by the source used for the analyses. The internal 
standard solution containing sodium nitrate, bismuth subnitrate, 
lead-free water, and a slight excess of nitric acid was stored in a 
paraffin-lined bottle and was found to remain pure for a long time. 
All of the glassware was rinsed with distilled water, lead-free nitric 
acid, and lead-free distilled water before being used for the anal- 
ysis. 

The method described above has certain advantages in case of 
manipulation. After an analytical curve has been determined, 
only two quantities need to be measured accurately in making an 
analysis; namely, the 5 cc. of urine and the 3 cc. of the internal 
standard solution. The amount of nitric acid taken to oxidize 
the organic material and the amount of lead-free water used to 
redissolve the residue need not be kept constant, because the 
ratio of the amount of lead to the amount of bismuth present 
remains the same at any dilution. Two duplicate analyses of 
each of four specimens can be made in approximately 2 hours. 


SUMMARY 


A method of spectrographic analysis for sodium, potassium, 
calcium, magnesium, and lead in biological fluids has been de- 
scribed, which has proved useful in practice. One of the chief 
advantages of the method is that a very small amount of material 
is required; only 2 drops are necessary, although it is usual to 
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prepare larger amounts for convenience in the volumetric measure- 
ments. Another advantage is its wide adaptability. It may be 
used for almost any biciogical fluid or tissue without alteration, 
but tests should be made for the effects of radical changes in the 
concentration of any elements on the intensities of lines of other 
elements. This spectroscopic source has proved useful in a 
variety of other practical problems. 


The authors wish to acknowledge their indebtedness to the 
Rockefeller Foundation for financial aid in the first part of this 
investigation. 
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Carnosine was first isolated from beef muscle extract by Gule- 
witsch and Amiradzibi (10) in 1900, and has subsequently been 
shown to have a wide-spread occurrence in mammalian skeletal 
muscle. The investigations of Gulewitsch (8, 9), Baumann and 
Ingvaldsen (3), and Barger and Tutin (2) proved that carnosine 
is B-alanyl-l-histidine. 

Anserine was isolated from an extract of goose flesh by Acker- 
mann, Timpe, and Poller (1) in 1929. Linneweh, Keil, and 
Hoppe-Seyler (22), Keil (16), and Linneweh and Linneweh (23) 
were able to show by various degradations that anserine is a 
monomethylcarnosine whose formula is 


os ee i a 
ral 
N N-CH, NH 


vm | 
CH O=C.CH;-CH,NH, 


This compound has been synthesized from /-1-methylhistidine by 
Behrens and du Vigneaud (4) and its identity with natural an- 
serine established. 


* This paper together with the paper following has been presented by 
John A. Zapp, Jr., to the Faculty of the Graduate School of the University 
of Pennsylvania as a dissertation in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy. 

A preliminary report of this work was presented before the American 
Society of Biological Chemists, at Baltimore, April 2, 1938 (35). 
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It was first thought that anserine occurred only in the muscles 
of birds and certain reptiles, and that it was absent from mam- 
malian muscle (16). However, anserine has been isolated from 
the muscles of various mammals by Wolff and Wilson (32, 33) 
and later by other investigators (21, 25, 6). In most cases, 
both carnosine and anserine were found to be present in muscles 
of the same species. 

The relatively high concentration of carnosine or anserine, or 
both, in all vertebrate skeletal muscles examined for these com- 
pounds, suggests that they are physiologically important constit- 
uents. However, their function is unknown. Hunt and du 
Vigneaud (11) have recently reported that the slight depressor 
effect of carnosine is due to the §-alanine part of the molecule. 
Du Vigneaud, Sifferd, and Irving (29) demonstrated that carno- 
sine will support growth in rats on a histidine-deficient diet. It 
seems unlikely that either the depressor or growth-supporting 
actions can account for the normal metabolic function of the com- 
pounds. 

The isolation of carnosine and anserine is tedious, requires large 
amounts of material, and is attended by considerable losses. 
Gravimetric, colorimetric, and titrimetric procedures for the 
quantitative determination of carnosine in muscle extract have 
been proposed. Most of these methods were reviewed by Wilson 
(30) in 1932. The Koessler and Hanke (19) colorimetric diazo 
procedure for imidazoles has been the choice of most investigators. 
Hunter’s (12) critical studies indicate that carnosine is responsible 
for at least 95 per cent of the diazo color in a protein-free extract 
of fresh mammalian skeletal muscle. 

Anserine gives no color with the diazo reagent. However, a 
method for the estimation of carnosine and anserine in muscle, 
through the colorimetric determination of histidine and 1-methyl- 
histidine in hydrolyzed muscle extract, has been proposed by 
Kapeller-Adler and Haas (15). The method is based on the 
Knoop reaction of certain imidazoles with bromine. Since 1- 
methylhistidine gives a color similar to but one-fifth as intense as 
histidine with this reaction, and since histidine but not methyl- 
histidine reacts with the diazo reagent, the two compounds may be 
determined by using the two colorimetric procedures. 

In testing this method on pure histidine solutions, our best 
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results varied by about 10 per cent. In the original procedure 
for histidine, Kapeller-Adler (14) stresses the necessity for exact 
bromination to a pale permanent yellow, since any marked excess 
of bromine causes low results, presumably because of oxidation. 
However, this oxidation does not take place if the excess bromine 
is removed before the solution is made alkaline.' We found it 
more convenient, therefore, to overbrominate slightly and to 
remove the surplus bromine with phenol before addition of the 
ammonia mixture. Conrad and Berg (5) and Woolley and Peter- 
son (34) have reported similar procedures in which the excess 
bromine is removed with arsenious oxide, and by aeration, respec- 
tively. There are other factors which may cause change in shade 
and intensity of color with pure histidine solutions. Perhaps 
the most important of these are: (1) the amount of ammonia mix- 
ture added per volume of a given histidine solution and (2) the 
length of time during which the alkaline solution stands at room 
temperature before heating. While these variables merely em- 
phasize the necessity for a well standardized procedure, other 
difficulties are encountered when dealing with muscle extracts. 
8-Alanine must be thoroughly removed, since it interferes with 
the determination to the extent ti.at hydrolyzed muscle extract 
or hydrolyzed carnosine fails to give a Knoop reaction until a 
mercury precipitation (as suggested by Kapeller-Adler and Haas 
(15)) or similar separation of histidine (and methylhistidine) is 
performed. Woolley and Peterson (34) list a number of amino 
acids which interfere with the Knoop reaction. The Kapeller- 
Adler and Haas procedure also calls for the use of KMnQ, to 
decolorize the muscle extract, and this invariably leads to rapid 
fading of color. In our hands, the method led to such erratic 
results for anserine that we felt it to be untrustworthy. 

Wilson and Wolff (unpublished work) studied copper colori- 
metric and copper gravimetric methods for anserine, and found 
them to be unsuitable. In 1933, Wilson and Wolff (31) published a 
preliminary report on a method for the estimation of anserine, which 
was based on a determination of the increase of a-amino nitrogen 
resulting from the hydrolysis of carnosine and anserine. Carno- 
sine was determined by the diazo procedure. This method ap- 


! For a suggested mechanism of the oxidation reaction, see Woolley and 
Peterson (34). 
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peared to be the most promising of those available, and with some 
modifications and extensions it is reported in the present study. 

Our procedure may be outlined as follows: Carnosine and an- 
serine are precipitated from a protein-free muscle extract by 
mercuric acetate and alcohol. The mercury salts are decomposed 
with H,S, the mercuric sulfide is removed, and the centrifugate 
and washings are concentrated to a suitable volume. Carnosine 
is then determined on an aliquot of this solution by the diazo 
method. Other aliquots are used for the determination of a- 
amino nitrogen both before and after hydrolysis. One amino 
group of carnosine and one of anserine react in the Van Slyke 
amino nitrogen determination in the time required for a-amino 
groups. After hydrolysis, another amino group reacts. In the 
absence of other peptides, the increase in a-amino nitrogen on 
hydrolysis may be assumed to be due to amino nitrogen set free 
by the hydrolysis of carnosine and anserine. 

The accuracy of the anserine determination depends, among 
other things, on (1) a correct value for carnosine and (2) the 
absence of all peptides other than carnosine and anserine from the 
final extract. In the latter connection, glutathione appears to 
be the peptide most likely to interfere. Indeed, Krause (20) 
reported that in the bovine lens, retina, and vitreous humor there 
was sufficient glutathione, as calculated from the cystine content 
of the hydrolysates, to account for all the increase in amino nitro- 
gen other than that due to carnosine. In our studies, we ran 
cyanide-nitroprusside tests routinely, and found only traces of 
sulfhydryl] in the final extracts. In a few cases we tried the more 
specific nickel-nitroprusside test, recommended by Zimmet (36) 
for the detection of glutathione, with similar results. In one 
sample a Sullivan test on the hydrolysate indicated that no cys- 
tine was present. In dealing with tissues which contain an 
appreciable amount of glutathione, it may be feasible to remove 
the glutathione as the cuprous mercaptide (Pirie and Bernal (26)). 

A routine biuret test was made on the final extracts to confirm 
the complete removal of the higher polypeptides. Theoretically 
(17, 18), one should expect a biuret color from all peptides con- 
taining three or more amino acids. In the face of a negative 
biuret test, and of a negative cyanide-nitroprusside test, it seems 
reasonable to assume that the only peptides present are carnosine 
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and anserine. We are aware of no evidence that other dipep- 
tides or piperazines, precipitable by mercury, occur in fresh 
mammalian muscle in amounts large enough to interfere with our 
method. 


Method 


Samples of muscle are dissected within a few hours after death, 
and are either extracted immediately or refrigerated for not more 
than 24 hours before extraction. The muscle is freed from excess 
fat and connective tissue, and run through a grinder until well 
minced. A weighed portion (usually 15 to 50 gm.) is then ex- 
tracted three times at pH 5 to 6 with 3, 3, and 2 parts of acidified 
water for } hour each at 60-70°. By this procedure, all but a 
trace of the imidazoles are extracted, while most of the protein 
is precipitated. The combined extracts are concentrated on a 
water bath, below the boiling point and before a fan, to an accu- 
rately known volume representing about 1 gm. of muscle per ce. 
This procedure is as satisfactory as vacuum distillation for ex- 
tracts of mammalian skeletal muscle, and is usually more con- 
venient. A small coagulum forms during the concentration, and 
is removed and washed by centrifugation. An aliquot of the 
resulting solution is then taken, the pH is adjusted to between 
5 and 6, and 5 parts by volume of boiling 95 per cent alcohol are 
added. The solution is then heated to boiling on a water bath. 
Final traces of protein and some glycogen are precipitated. Heat- 
ing the alcoholic solution causes coagulation of the alcohol- 
insoluble proteins, makes filtration easy, and reduces the chance 
of adsorption of nitrogenous extractives on the coagulum. The 
concentration of alcohol should not be increased beyond the 
amount stated, as there would then be danger of precipitating 
some of the carnosine and anserine. The alcoholic filtrate and 
washings are neutralized to litmus with NaOH, and excess solid 
mercuric acetate is added to effect a separation of carnosine and 
anserine from some of the other extractives. The mercury pre- 
cipitate is centrifuged, washed, suspended in hot 0.1 N H,SO,, 
and decomposed with H.S. The mercuric sulfide is removed by 
centrifugation and is washed repeatedly with 0.1 N H,SO,. Sul- 
fate is then removed from the combined centrifugates with barium 
hydroxide, the barium sulfate is removed and washed, and the 
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centrifugates are concentrated to an accurately known volume 
representing about 1 gm. of muscle per cc. 

Carnosine is then determined on an aliquot of this solution by 
the diazo method. The procedure used is essentially that of 
Koessler and Hanke (19) with the additional modifications that a 
blue-green filter (Wratten No. 75) is used in the colorimeter as 
suggested by Eggleton and Eggleton (7), and the test solutions 
are read against Hunter’s (13) dye standard. The color value 
of a sample of carnosine nitrate was found to be identical with 
the average color value for carnosine reported by Hunter (13) 
(141 X 10° mm. per mole, in Hunter’s units). 

Other aliquots are used for the determination of a-amino 
nitrogen by the Van Slyke manometric method, both before and 
after hydrolysis. For complete hydrolysis of carnosine and an- 
serine, the solution is heated for 2 hours at 100° with 0.5 volume 
of concentrated HCl. Muscle extract contains compounds which 
react slowly with nitrous acid. These may be corrected for by 
the procedure recommended by Van Slyke and Meyer (28), in 
which the reaction is carried out for twice the time necessary to 
decompose the a-amino groups. This correction must be made 
for both unhydrolyzed and hydrolyzed muscle extracts. 

The increase in a-amino nitrogen on hydrolysis is assumed to be 
due to amino nitrogen set free by the hydrolysis of carnosine and 
anserine. Although carnosine and anserine give slightly more 
amino nitrogen per mole than would be expected by theory, the 
increase in amino nitrogen on hydrolysis should be of the expected 
theoretical magnitude, since it comes from the newly liberated 
histidine which gives the calculated amount of amino nitrogen in 
the Van Slyke determination. Therefore, the increase in amino 
nitrogen after hydrolysis should correspond to 14 gm. per mole 
of either carnosine or anserine. That this is demonstrated to be 
true within the limits of experimental error may be seen from 
Table I. Consequently, anserine may be found by the following 
calculation. Anserine = (B — A) X (240/14), where B = 
total increase in a-amino nitrogen on hydrolysis and A = increase 
in a-amino nitrogen due to hydrolysis of carnosine (calculated 
from the diazo value). 

A complete determination takes about 5 days. It is well not 
to allow a muscle to stand more than 24 hours after death, even 
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on ice, before extracting. Carnosine and anserine may disappear 
slowly from refrigerated muscle and there is always a possibility 
of slight proteolysis which might lead to the formation of poly- 
peptides not precipitable with alcohol. The mercury precipi- 
tates, however, have been kept in the ice box for some weeks with- 
out appreciable loss of carnosine or anserine. 

The results obtained for carnosine in protein-free muscle ex- 
tract are probably fairly accurate, since guanine, xanthine, his- 
tidine, and tyrosine are the only known non-protein muscle con- 
stituents likely to interfere with the diazo determination. Of 
these compounds, guanine and xanthine are probably present 


Tasie | 
Determination of Amino Nitrogen in Carnosine and Anserine 





Before hydrol- | After hydrol- 
| ysis ysis Increase after hydrolysis 
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Copper carnosine......| 4.58 | 4.72 | 9.16} 9.34] 4.58 | 4.62 101 
Carnosine (base)....... 6.19 | 6.44 12.38) 12.50) 6.19 | 6.06 98 
Copper anserine........| 4.38 | 4.52 | 8.76} 8.94) 4.38 | 4.42 101 
Anserine nitrate.......| 4.62 | 4.71 | 9.24) * | 4.62 ° 





* Deamination occurred during hydrolysis. 


only in traces in extracts of mammalian muscle (Ostern (24)), 
and histidine has not been demonstrated in fresh mammalian 
muscle. Sifferd and du Vigneaud (27) have isolated tyrosine 
from sheep muscle, and suggest that this may be the “‘undeter- 
mined substance,” which, according to Hunter (12), is responsible 
for about 2 per cent of the diazo color in mammalian muscle 
extract. 

Samples of carnosine and anserine were added separately to 
muscle extracts in order to study their recovery by the method. 
The results are shown in Table II. The carnosine recoveries, 
calculated from the diazo value after mercury precipitation, are 
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from 91 to 97 per cent of the carnosine added. The recoveries 
of added anserine are 102 and 107 per cent. In each of the four 
experiments in which carnosine was added to a muscle extract, 
anserine was determined on the original extract and on the portion 
containing the extra carnosine. These anserine determinations 
are therefore duplicates, and give some indication of the varia- 
tions which may occur in two estimations on the same muscle. 
























































TaBLe II 
Recovery of Added Carnosine or Anserine 
s 2 TT 
ii,{ 3] 
. a] 
3 i 1/2/81 4 
© lam | 8s & 
Ox Tissisl&Biagisie 
wo} Mee | eae) ees) el al § 
1S) Zz = ez 5 a H 
A B < Oo oO < : 
Mg. NH:-N per 100 | Mg. substan 
> om. mele 100 gm. —— s 
Carnosine 1 | Glossus* 16.9, 23.9 | 7.0 273 | 120 
ws 22.8, 29.2 | 6.4) 105 | 369 110) 91.4 
2 ” 17.1) 18.7 1.6 276 | 27 
a 23.2) 24.5 1.3) 102 | 375 | 22) 97.1 
3 | Buceinator | 0.9) 4.1 | 3.2 15 | 55 
= 17.7) 22.8 | 5.1) 278 | 285; 87) 97.1 
4 Me 1.2; 4.3] 3.1 19 53 
~ 17.5} 21.2 | 3.7| 278 | 283 | 63) 94.7 
Anserine 5 | Glossus 16.9 24.6 | 7.7 273 | 132 
" 17.2) 33.3 | 16.1) 134 | 278 | 276 | 107.0 
6 “, 17.9) 23.5 | 5.6 289 | 96 
= 16.9) 28.4 | 11.5) 99 | 273 | 197 | 102.0 
*“Glossus muscle” is used to refer to muscle taken from the genio- 


glossus, hyoglossus, and styloglossus muscles, without differentiation. 


In the experiments in which anserine was added, the carnosine 
determinations on the original extract and on the aliquot with 
added anserine constitute duplicate determinations on the same 


muscle. 
SUMMARY 


A method is proposed for the determination of carnosine and 
anserine in mammalian muscle. Carnosine is determined by the 
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diazo method after mercury precipitation, and anserine is calcu- 
lated from the increase in a-amino nitrogen after hydrolysis. 

The determinations are based an reactions which are not en- 
tirely specific. Presumably the determination of anserine is more 
open to error than that of carnosine, since the anserine values will 
be increased if other peptides are present in the mercury precipi- 
tate of the muscle extract. While the figures yielded must be 
considered more or less tentative, reasons are presented in this 
and the following paper for believing that they are of value. 
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QUANTITATIVE STUDIES OF CARNOSINE AND AN- 
SERINE IN MAMMALIAN MUSCLE* 


II. THE DISTRIBUTION OF CARNOSINE AND ANSERINE IN 
VARIOUS MUSCLES OF DIFFERENT SPECIES 


By JOHN A. ZAPP, Jr., anv D. WRIGHT WILSON 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, July 2, 1938) 


For comparative purposes, a knowledge of the distribution of 
carnosine and anserine in various muscles of an animal, and in 
the muscles of different members of the species, is of interest. The 
results of several investigators may be compared with respect to 
the amount of carnosine found by analysis in various muscles of 
the cat, but the published data are far from consistent. This is 
all the more surprising in view of the fact that each determined 
carnosine by slight modifications of the Koessler and Hanke (7) 
colorimetric diazo method. 

In an early paper, Hunter (5) reported that he found a variable 
amount of carnosine in different samples of skeletal muscle from 
animals of the same species, although he did not study discrete 
muscles. Mitsuda (9) studied the carnosine content of individual 
muscles of normal and decerebrate cats, and found a variation in 
the amount of carnosine, both from muscle to muscle, and from 
animal to animal. He reported values ranging from 341 to 1799 
mg. per 100 gm. of muscle, figures which were far higher than 
Hunter’s. An error or misprint in Mitsuda’s paper suggests that 
his carnosine standard may have contained only one-tenth as 
much carnosine as he stated, in which case his published results 
would be 10 times too high. 

Hunter (6) subsequently made a detailed study of the distribu- 
tion of carnosine in a number of muscles of the cat, and reported 


* A preliminary report of this work was presented before the American 
Society of Biological Chemists, at Baltimore, April 2, 1938 (13). 
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that the carnosine content of white muscles was quite variable, 
both in different muscles of the same cat, and in the same muscle 
of different cats. He found that the carnosine of white muscle 
could be decreased by fasting the animal or by preventing use of 
the muscle, and could be increased by liberal feeding of meat. 
Hunter found carnosine values which varied from 7 to 494 mg. 
per 100 gm. of muscle. By contrast, the carnosine of red (soleus) 
muscle was relatively constant (48 to 90 mg. per 100 gm.) under 
all conditions studied. Savron (11), in a more recent investiga- 
tion, found a variation in the carnosine content of biceps muscle 
of the cat similar to that reported by Hunter. It is worth while 
to note that Eggleton and Eggleton (4) found a lack of constancy 
in the carnosine content of various muscles of the frog. 

In direct contrast to the results of these investigators, Clifford 
(1) and Clifford and Mottram (2) observed that all samples of 
skeletal muscle from any given species contained the same con- 
centration of carnosine. Since these observations are also in 
conflict with data to be reported in the present paper, we feel 
that Clifford and Mottram must be in error. 

After the development of a method by which anserine could 
be determined quantitatively, as well as carnosine (see (14)), 
it was desired to study the distribution of these compounds 
in various mammalian muscles at our disposal, thereby providing 
further comparative data concerning both imidazoles. In brief, 
carnosine was determined by the diazo method after mercury 
precipitation, and anserine was calculated from the increase in 
a-amino nitrogen after hydrolysis. The results of our analyses 
are shown in Table I, where Column C represents the total in- 
crease in a-amino nitrogen after hydrolysis, Column B the increase 
in a-amino nitrogen to be expected from the hydrolysis of carno- 
sine determined by the diazo method (figures for which are given 
in Column £), and Column D (C—B) the increase in a-amino 
nitrogen due to anserine. Anserine (Column F) is obtained by 
multiplying the values in Column D by 240/14. The dye stand- 
ard used in the carnosine determinations was checked against 
pure carnosine nitrate. The final muscle extracts showed no 
more than a trace of sulfhydryl by the cyanide-nitroprusside test, 
and with two exceptions (noted in Table I) gave negative biuret 
tests. 
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Owing to the length of time necessary for a complete deter- 
mination of carnosine and anserine, we usually limited our in- 
vestigations to two muscles from a given species in any one ex- 
periment. Wherever feasible, we chose gastrocnemius (white) 
and soleus (red) muscles. The absence or rudimentary nature of 
the soleus muscle in some species did not always make this pos- 
sible, but where comparison could be made (cat, rabbit, and lion), 
the concentrations of carnosine and anserine in the soleus were 
always found to be lower than in gastrocnemius muscle from the 
same animal. 

In view of the confusion in the literature regarding the carno- 
sine of cat muscles, our results for this animal are of interest. In 
order to obtain sufficient muscle for the anserine determinations, 
we dissected the gastrocnemius and soleus muscles from nine 
cats and combined the corresponding muscles (reported as 
Group I). The same procedure was followed for gastrocnemius 
and soleus muscles from seven cats (reported as Group II). The 
carnosine values obtained for soleus are practically identical (47 
and 48 mg. per 100 gm. of muscle), and fall within the same range 
as those reported by Hunter (6) (48 to 90 mg. per 100 gm.). 
The amount of carnosine in gastrocnemius muscle was found to be 
greater than in the soleus in both experiments. The anserine 
figure for gastrocnemius muscle of Group II cannot be considered, 
as the final extract from this muscle tissue gave a positive biuret 
test, indicating the presence of higher peptides which would be 
calculated as anserine in the determination. In Group I, how- 
ever, more anserine was found in gastrocnemius than in soleus 
muscles. In fact, the gastrocnemius muscles of the cats of Group 
I and of the rabbits contained far more anserine than any other 
muscles studied (478 mg. and 502 mg. per 100 gm. of muscle 
respectively). 

A comparison of the carnosine and anserine content of the gas- 
trocnemius and soleus muscles of the lion with the same muscles 
of the domestic cat shows that the lion muscles contained less of 
both compounds. The lions, however, were senile, which may 
possibly account for the low content of imidazoles. 

Muscles from the dog, white rat, and rabbit showed relatively 
little carnosine. Indeed, Savron (11) has stated that muscles of 
the dog and white rat fail to give a reaction with the diazo reagent. 
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Taste I 
Carnosine and Anserine Content of Various Mammalian Muscles 
ae oe 
3g) 2 idle 
BHT 
Animal Muscle EA 5 58 5 5 : 
A B Cc D E PF 
~Were |~s 
Cats, Group I Gastrocnemius 61.7 | 13.6 | 41.4) 27.8) 220 | 478 
mi are Soleus 77.3 | 3.0 | 21.2) 18.2) 48 | 312 
9 ** II | Gastrocnemius 59.2 | 11.4 | 53.0) 41.6) 184 | * 
” - Soleus 50.6 | 2.9 | 22.1) 19.2) 47 | 329 
Lion 1 Gastrocnemius 58.4 | 3.9 | 14.9) 11.0) 62) 189 
sa ” 60.0 6.1 | 19.2) 13.1) 97 | 224 
a Soleus 71.8 1.4 3.7] 2.3) 23 39 
Dogs Gastrocnemius 67.5 | 2.9 | 15.3) 12.4) 47 | 212 
Rats Mixed 53.7 3.0 | 21.6) 18.6) 48 | 319 
Rabbits Gastrocnemius 42.7 5.0 | 34.3) 29.3) 80 | 502 
7 Soleus 76.5 | 3.0 | 16.0) 13.0) 48 | 223 
Giraffe Gastrocnemius 32.2 | 6.4 | 20.4) 14.0) 104 | 240 
Horse ™ 46.1 | 27.0 | 29.8 2.8) 436) 48 
= Gluteus 47.0 | 28.7 | 29.7) 1.0) 463 17 
“ Soleus 161 
Ox 5 Glossust 22.0 | 15.4 | 17.6; 2.2) 248) 38 
“ag o 26.2 | 14.1 | 20.0) 5.9) 228 / 101 
?. 9 9 37.2 | 15.5 | 23.9) 8.4) 250 | 144 
i * 10 7 39.8 | 16.9 | 24.6) 7.7) 273 | 132 
oe OR 45.0 | 16.9 | 23.9) 7.0) 273 | 120 
4 * 33 - 40.5 | 17.1 | 18.7) 1.6) 276 | 27 
3 “ 15 o 47.4 | 17.9 | 23.5) 5.6) 289 | 96 
“ 14 Buccinator 5.2) 0.7| 0.5;—0.2) 12 0 
7, @ Shin 17.6 | 11.8 | 15.6 3.8) 191 65 
a Loin 27.8 | 21.8 | 29.8 8.0) 351 | 137 
* 16 Anterior tibialis | 32.8 | 12.2 | 19.1) 6.9 197 | 118 
~ oe Heart 45.5) 0.5 |—0.6)—1.1 9 0 
“17 Intestinet 43.8 1.2 | 14.1) 12.9} 19 ° 

















* Anserine value too high, as the presence of polypeptides was indicated 
by a positive biuret test. 
t “Glossus muscle”’ is used to refer to muscle taken from the genio- 
glossus, hyoglossus, and styloglossus muscles, without differentiation. 
t Smooth muscle from intestines. 
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Protocols 


Cats—In Group I the gastrocnemius and soleus muscles were dissected 
from nine cats which had been used in short time class experiments. The 
corresponding muscles were combined, and extraction was begun within a 
few hours after death of the animals. In Group II the gastrocnemius and 
soleus muscles were dissected from seven cats which had been used for short 
time class experiments. The corresponding muscles were combined and 
were placed onice. Extraction was begun about 15 hours after death of the 
animals. As the final extract of the gastrocnemius muscles showed a posi- 
tive biuret reaction, higher peptides were present which led to an errone- 
ously high value for anserine which is not reported. 

Lions 1 and 2—Both animals were senile females (Lion 1 about 19 years 
old, Lion 2 about 15 years old) which were shot by keepers at the Phila- 
delphia Zoo. A portion of the gastrocnemius muscle was dissected from 
Lion 1, and portions of gastrocnemius and soleus muscles were dissected 
from Lion 2, by Dr. H. L. Ratcliffe of the Department of Pathology and 
were placed on ice. Extractions were carried out the following day. 

Dogs—The gastrocnemius muscles were dissected from two dogs and 
were combined. Extraction was begun within a few hours after death of 
the animals. The soleus muscle is absent in the dog. 

Rats—Mixed muscles were dissected from the hind legs of five adult 
white rats. Extraction was begun within a few hours after death of the 
animals. 

Rabbits—The gastrocnemius and soleus muscles were dissected from five 
rabbits, and the corresponding muscles were combined. Extraction was 
begun within a few hours after death of the animals. 

Giraffe—The animal died suddenly at the Philadelphia Zoo, apparently 
from an infection. It had been in a good state of nutrition. A portion of 
the gastrocnemius muscle was dissected by Dr. Ratcliffe and was placed on 
ice. Extraction was carried out the following day. 

Horse—Portions of the gastrocnemius, gluteus, and soleus muscles were 
dissected from a horse which was killed at the Veterinary School Hospital 
because of suspected brain tumor. The quantity of soleus which could be 
obtained was too small to permit an anserine determination, owing to the 
rudimentary nature and resultant small size of this muscle in the horse. 

Beef Experiments—All samples of ox muscles, with exception of Ox 6 
(shin), were obtained at an abattoir within an hour or two after death of the 
animals. Extractions were begun within a few hours. Glossus muscle 
was used for most of the experiments because it has little commercial value. 
Ox 6 (shin) was obtained from a Kosher meat shop, and was said to have 
come from an animal slaughtered the previous day. 


The lowest carnosine figure reported by Savron for any animal 
was 60 mg. per 100 gm. of muscle, and it may be that he was un- 
able to detect smaller amounts than this. 
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The horse muscles reported are of interest in regard to the high 
carnosine and low anserine figures. Unfortunately, no anserine 
determination could be made on the soleus muscle owing to the 
rudimentary nature and resultant small size of this muscle in 
the horse. 

Analyses were performed on samples of glossus muscle from 
freshly slaughtered oxen in order to study the variations which 
might be encountered in the same muscle of different animals 
within the species. The carnosine was found to vary from 228 
to 289 mg. per 100 gm., whereas the anserine ranged from 27 to 
144 mg. per 100 gm. of muscle. The previous nutritional history 
of the animals is unknown. The variations in anserine in this 
muscle from animal to animal were relatively greater than the 
variations in carnosine. We have observed this same circum- 
stance with respect to dog muscles (on which we hope to report in a 
later paper) and with respect to the buccinator muscle of the ox. 
In the latter muscle, no anserine was detected in the sample re- 
ported in Table I. In other determinations on the same muscle 
from different oxen (see Table II of the previous paper (14)) 
the carnosine was 15 and 19 mg. per 100 gm., while the anserine 
varied from 53 to 87 mg. per 100 gm. of muscle. These low 
figures may in part be due to the fact that the buccinator muscle 
is unusually rich in connective tissue which cannot be completely 
dissected away. Samples of muscle from the shin (foreleg), an- 
terior tibialis, and loin (each taken from a different ox) showed 
moderate variations in both carnosine and anserine. 

Whatever the function of the imidazoles may be in muscle, it 
might be expected that the total imidazoles (carnosine + an- 
serine) would be more significant than either carnosine or anserine 
separately. Our data, however, do not indicate any striking 
constancy for this quantity, either for an individual muscle, or 
for muscles of a stated species. Thus in the seven experiments 
on the glossus muscle of the ox, carnosine + anserine varied from 
286 to 405 mg. per 100 gm. of muscle. In other skeletal muscles 
of the ox, the amounts of carnosine + anserine were 256 (shin), 
315 (anterior tibialis), and 488 (loin) mg. per 100 gm. of muscle. 
The highest value for total imidazoles was found in the gastroc- 
nemius muscle of the cats of Group I (698 mg. per 100 gm.). 
The minimum value for total imidazoles in skeletal muscle was 
found in the buccinator muscle of the ox (12 mg. per 100 gm.). 
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It may be seen from Table I, Column A, that the total a-amino 
nitrogen precipitable by mercuric acetate is quite variable and 
bears no relation to the amount of either carnosine or anserine in 
the muscle. Thus, the total amino nitrogen of soleus muscle of 
Lion 2 is above the average, while carnosine and anserine were 
quite low. Practically identical figures were obtained for both 
carnosine and anserine in the soleus muscles of the cats of Groups 
I and II, although the total amino nitrogen values were quite 
different. In the series of experiments on glossus muscle from the 
ox, the variations in total amino nitrogen could not be correlated 
with variations in carnosine or anserine, or both. We feel, how- 
ever, that variations in total amino nitrogen may be partially 
explained by the temperature at which the muscle is extracted, as 
it has been our experience that extraction at temperatures higher 
than 70° may lead to an increase in amino nitrogen without cor- 
responding increases in carnosine or anserine. 

A single determination was made on the cardiac muscle of the 
ox, and little carnosine and no demonstrable anserine were found, 
although the amount of total amino nitrogen was similar to that 
found in skeletal muscles. An attempt was made to determine 
carnosine and anserine in a sample of smooth muscle from ox 
intestines, but the final extract gave a strong biuret test, which 
indicated that the anserine determination would be too high be- 
cause of the inclusion of polypeptides. The presence of poly- 
peptides is not surprising in view of the opportunity for proteoly- 
sis to occur between the time the intestines were obtained from 
the abattoir and the time the smooth muscle was ready for hot 
extraction. 

Our analyses indicate that in general a muscle contains far more 
of one imidazole than the other, and that the same one will be in 
excess for all skeletal muscles of a given species. Contrary to 
expectation, anserine appears to be present in higher concentra- 
tion than carnosine in all mammalian skeletal muscles investi- 
gated with the exception of those from the horse and the ox. 

In view of the lack of specificity of the quantitative method 
employed for these analyses, it is worth while to consider other 
evidence concerning its reliability. The actual existence of carno- 
sine and anserine in muscles for which quantitative figures have 
been given can best be proved by isolation of the compounds in 
question. While the isolation procedures give far from quanti- 
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tative yields, the relative amounts of carnosine and anserine ob- 
tained give some indication as to whether they are present in the 
muscle in high or low concentration. Muscles of the horse and 
ox have frequently been used for the isolation of carnosine, and 
it will be seen from Table I that relatively high carnosine con- 
centrations are recorded for most of the muscles studied from 
these animals. On the other hand, carnosine has been isolated 
in small amounts only, from muscles of the dog and rabbit, where 
low concentrations are found by analysis. 

Similar relationships are found with anserine. This compound 
was isolated readily from the muscles of the dog, cat, rabbit, and 
white rat by Wolff and Wilson (12), from the dog by Parschin 
(10), and from the rabbit by Deutsch, Eggleton, and Eggleton (3). 
By analysis, muscles from these animals show large amounts of 
anserine. Langley and Albrecht (8) reported the isolation of 
anserine from beef, but made no statement concerning the muscle 
or muscles used and the amount of anserine found. In connec- 
tion with the low anserine figures obtained by quantitative de- 
termination for skeletal muscles of the horse, it is of interest that 
anserine was looked for, but not found, in this animal by Wolff 
and Wilson (12). From a purely analytical point of view, the 
low anserine values obtained by analysis for certain muscles are 
perhaps indirect evidence for the absence of compounds which 
might lead to erroneously high figures for anserine in all muscles. 


SUMMARY 


Quantitative studies of the distribution of carnosine and an- 
serine in various muscles of the cat, lion, dog, white rat, rabbit, 
giraffe, horse, and ox are reported. The variations in the carno- 
sine content of muscles of the cat reported by certain investiga- 
tors have been confirmed. Similar variations in carnosine have 
been demonstrated in the muscles of other mammals. The 
amounts of anserine and of total imidazoles (carnosine + anserine) 
have been found to vary, both in different muscles of an animal, 
and in the muscles of different members of the species. The 
amounts of carnosine and anserine in red muscle are lower than 
those in white muscle from the same animal. 

In view of the lack of specificity of the method, it is interesting 
to note that in animals from which carnosine or anserine, or both, 
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have been isolated the amounts found by isolation are roughly 
proportional to the amounts found by quantitative determination. 
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(Received for publication, July 22, 1938) 


It has been shown by Gordon and Jackson (1935) that the ad- 
ministration of amino-N-methyltryptophane as a supplement to 
a diet deficient in tryptophane results in prompt resumption of 
growth by the albino rat.'' Inasmugh as this derivative of trypto- 
phane had not previously been described, it was found necessary 
to devise a method for its synthesis. The desired compound was 
secured by suitable reduction and hydrolysis of 5-(3-indolal)-1- 
methylhydantoin derived from the condensation of 3-indole 
aldehyde and 1-methylhydantoin. Shortly fellowing the publi- 
cation of this synthesis, Hoshino (1935) reported that the crys- 
talline substance, abrine, CH yO.N: (cof. Ghatak and Kaul 
(1932)) isolated from the seeds of Abrus precatorius, L., was an 
optically active N-methyltryptophane. A critical examination 
of Hoshino’s proof of structure for abrine, and of the method of 
synthesis and other proof of structure reported by Gordon and 
Jackson for synthetic dl-amino-N-methyltryptophane, scarcely 


* A preliminary report was presented at the Thirty-second meeting of 
the American Society of Biological Chemists at Baltimore, 1938 (Proc. 
Am. Soc. Biol. Chem., J. Biol. Chem., 123, p. xviii (1938)). 

1 It was postulated (1) that the mechanism for utilization of the methyl- 
tryptophane doubtless involves a preliminary demethylation perhaps with 
the attendant formation of indolepyruvic acid and (2) in consideration of 
other experiments with sarcosine that the availability of N-methylamino 
acids might prove to be a rather general phenomenon. Results parallel to 
the finding for tryptophane have been reported for histidine by Fishman 
and White (1936) and for methionine and homocystine by Patterson, Dyer, 
and du Vigneaud (1936). However, Gordon (1937) has found that the 
corresponding derivative of lysine does not support growth in the absence 
of this amino acid. 
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permits of reasonable doubt as to the constitutional identity of 
the two substances. Nevertheless to establish finally the syn- 
thesis of abrine, it remained necessary to make a detailed com- 
parison of abrine and the synthetic compound on a common basis 
with respect to optical configuration. We have accomplished this 
by showing that the properties of the racemized abrine and its 
betaine methyl ester iodide, picrate, and acetyl derivatives are 
identical with those respectively of the synthetic substance and 
its corresponding derivatives. 

The question of the optical configuration of abrine has also 
been investigated by quantitative comparison of the maximal 
optical rotations of the naturally occurring betaine of tryptophane, 
hypaphorine, and of the betaines secured by exhaustively methyl- 
ating the natural levo-tryptophane and dextro-abrine. 


EXPERIMENTAL 


Preparation of Abrine—Abrine was prepared from jequirity 
seed (Abrus precatorius, L.) essentially according to the directions 
of Hoshino (1935), except that the seed was used without prelimi- 
nary removal of the scarlet-colored seed coat. 500 gm. of the 
ground seed were extracted with 2500 cc. of methanol at room 
temperature over a period of 5 days. The mixture was shaken 
vigorously two or three times daily. The methanol liquor was 
filtered off, the seed washed with more methanol, and the com- 
bined filtrates and washings evaporated in vacuo to a small 
volume. The concentrated extract was chilled in the refrigerator 
to yield the crude crystalline material which was filtered off and 
then washed with ether to remove the contaminating fatty ma- 
terial. This extraction process was repeated four times on each 
batch of seed, although the material secured from the fourth 
extraction was generally found to be small in amount and quite 
difficult to purify. 10 pounds of seed thus yielded 37.8 gm. of 
impure abrine. Elimination of the gross impurities by recrystal- 
lization from boiling water with bone-black treatment reduced 
the amount of product to 22.7 gm. A final purification carried 
out in the same manner yielded 21.5 gm. of colorless needles which 
decomposed at 270-295°, depending on the rate of heating. 


fa]> = +46.0° (77.7 mg. in 5.0 cc. of 0.5 n HCl) 
fa]> = +62.4° (49.3 “ “5.0 “ “0.5 “ NaOH) 
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Hoshino reports a specific rotation of 44.4° for the substance in 
0.5 nN hydrochloric acid at 21°. The calculated analytical values 
are N 12.85, C 66.02, H 6.47. The values found were N 12.85, 
C 66.13, H 6.52. 

Racemization of Abrine—40 gm. of Ba(OH):.:8H,O were dis- 
solved in 100 cc. of boiling water in a 500 ce. balloon flask. 5 gm. 
of abrine were added and the mixture was boiled for a few minutes 
and then cooled. The optical rotation of the supernatant liquid 
was determined, and then the mixture was heated in an autoclave 
at 160° for 44 hours. Measurement of the optical rotation demon- 
strated that the compound was 99 per cent racemized after 3 hours 
and was totally inactive at the end of the 4} hour period. The 
mixture was transferred to a large beaker and diluted to about 
800 cc. The barium ion was exactly precipitated with dilute 
sulfuric acid. The combined filtrates and washings from the 
barium sulfate were concentrated in vacuo to about 600 cc., 
treated with bone-black, filtered, and then further concentrated 
to a volume of 150 cc. 300 cc. of hot ethanol were added. The 
solution was further heated and then filtered to remove a small 
amount of inorganic substance. The filtrate was now concen- 
trated in vacuo to a small volume so that the crystals deposited 
in a heavy mush. A few volumes of ethanol were added and the 
mixture was allowed to stand in the refrigerator. The 4 gm. of 
material secured were recrystallized by dissolving in 200 cc. of 
boiling water, filtering, concentrating to a small volume, and add- 
ing an equal amount of hot ethanol. The first crop of crystals 
weighed 2.8 gm. and a second crop, 0.85 gm. The product con- 
sisted of exceedingly fine colorless needles readily soluble in water. 
In these respects, it closely resembled the synthetic amino-N- 
methyltryptophane. Natural abrine is much less soluble in 
water. The analysis of the purified racemized abrine was as 
follows: N, calculated 12.85; N, found 12.64, 12.58. 

Betaine Methyl Ester Iodide—This derivative was prepared by 
the Engeland method essentially as employed with tryptophane 
by van Romburgh and Barger (1911). 270 mg. of racemized 
abrine were dissolved with 50 mg. of sodium hydroxide in 6.5 
ec. of hot methanol. 7 cc. of methyl iodide were added and the 
mixture was refluxed in an oil bath for 8} hours. 10mg. of sodium 
hydroxide dissolved in 0.2 cc. of methanol were added at the end 
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of each 4 hour interval over the first 7} hours. The volume was 
reduced to 4 cc. and the solution allowed to crystallize overnight 
in the refrigerator. The crystals, washed with methanol and 
dried, amounted to 200 mg. The material was recrystallized from 
5 ec. of boiling water. The colorless methyl ester iodide of the 
racemic betaine melted with decomposition at 194°.2. The analysis 
for N was 7.21 calculated, 7.29, 7.34 found. An authentic analyzed 
specimen of the corresponding derivative prepared from the syn- 
thetic methyltryptophane (Gordon and Jackson, 1935) melted 
at 193°. A mixture of the two iodide preparations showed no 
depression in the melting point. 

Monopicrate—To 100 mg. of racemized abrine dissolved in 11 
ec. of hot water were added 105 mg. (1 molecular equivalent) of 
picric acid in a saturated aqueous solution (11 ec.). The mixture 
was placed in the refrigerator overnight. The crystals were 
filtered off and washed with a little cold water. The 154 mg. of 
dried product were recrystallized from a mixture of methanol 
and petroleum ether. The red crystais melted with decompo- 
sition at 187°. The analysis was as follows: calculated, C 48.30, 
H 3.83; found, C 48.46, H 3.89. The authenticated monopicrate 
of the synthetic methyltryptophane (Gordon and Jackson, 1935) 
melted at 186° with decomposition, and a mixture of the two pic- 
rates melted without depression. 

Acetyl Derivatives—500 mg. of racemized abrine were dissolved 
in 2 ce. of 10 per cent sodium hydroxide in a 15 cc. centrifuge 
tube. A stream of gas from a ketene lamp* was introduced at 
the rate of about 6 cc. per minute. This treatment was continued 
for 1 hour, the solution being kept alkaline to phenolphthalein by 
the addition of 0.6 ce. of 10 per cent sodium hydroxide every 10 
minutes. Three such preparations were combined and acidified 
with 6 nN hydrochloric acid until no more precipitate formed. The 
precipitated gummy mass was seeded with a few crystals obtained 
by patient manipulation of the product from a previous prepara- 
tion. The material was worked with a glass rod to facilitate 
crystallization, and let stand for 2 hours. It was then filtered 


? All melting points are corrected. 

* The authors thank Dr. Max Bergmann of the Rockefeller Institute for 
his advice on the construction of a platinum filament ketene lamp similar 
to that used in his laboratory. 
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off and washed with a little dilute hydrochloric acid. The prac- 
tically colorless crystals were recrystallized from water to give 
1.43 gm. of platelets with a melting point of 171°. Further 
recrystallization did not result in a change of this melting point. 


Analysis—C,,HisN:O;. Calculated. C 64.58, H 6.20, N 10.76 
Found. ** 64.90, “ 6.37, “* 10.63, 10.73 


25 mg. of the synthetic methyltryptophane (Gordon and Jack- 
son, 1935) were acetylated essentially in the manner described 
above. The recrystallized product amounted to 17 mg. and 
melted at 170°. A melting point of a mixture with the acetyl- 
dl-abrine showed no depression. 

The acetyl derivative of the natural optically active abrine was 
also prepared as described for the racemized abrine. Four 500 
mg. runs were made. The recrystallized combined product 
weighed 1.91 gm. and the colorless prisms melted at 175-176°. 
This melting point was not altered upon one more recrystallization. 


[a]> = —148.4° (43.3 mg. in 5.0 cc. of 0.1 w NaOH) 
Analysis—C,,HieN,O;. Calculated. C 64.58, H 6.20, N 10.76 
Found. ** 64.62, ‘‘ 6.24, “* 10.68, 10.73 


Preparation of Hypaphorine—200 gm. of the seed‘ of Erythrina 
hypaphorus, Boerl., were crushed and the hulls discarded. The 
remaining 142 gm. of the seed content were ground, and then let 
stand with intermittent shaking in 1500 cc. of 95 per cent ethanol 
at room temperature for 2 days. The seed was filtered off and 
washed with 200 cc. of the same solvent. The filtrates were 
concentrated in vacuo to a small volume. 200 cc. of water were 
added and the extract concentrated to 125 cc. The aqueous 
solution was first freed of fatty material by ether extraction, then 
treated with sufficient 1.6 N nitric acid to give a deep blue color 
with Congo red paper, and let stand overnight in the refrigerator. 
The crystalline hypaphorine nitrate was filtered off, washed with 
water, and dried. The yield was 8.1 gm. An additional crop of 
2.1 gm. was secured by a second extraction. Recrystallization 
of the total nitrate from 95 per cent ethanol with bone-black 


‘The authors express their appreciation to Dr. George Barger of the 
University of Edinburgh for his generosity in furnishing them with a pound 
of the seed of Erythrina hypaphorus as well as suggestions as to the prepa- 
ration of hypaphorine. 
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treatment gave 8.5 gm. of the purified substance with a melting 
point of about 220°. The nitrate was treated (cf. Barger (1914)) 
with saturated sodium carbonate solution to give the free base, 
which after crystallization from 95 per cent ethanol amounted to 
4.7 gm. The purification with ethanol was repeated to give 
colorless highly refractive prisms. 

Preparation of Optically Active Betaines from Abrine and Trypto- 
phane—5.3 gm. of natural dextro-abrine were dissolved in 125 cc. of 
methanol containing 1 gm. of sodium hydroxide. 120 cc. of 
methyl iodide were added and the mixture was refluxed for 4 
hours. 5 cc. of methanol containing 0.3 gm. of sodium hydroxide 
were added at the end of each 20 minute interval over the first 
34 hours. The solution was finally concentrated to 70 cc. and 
let stand overnight. The crystalline methyl ester iodide was 
filtered off, recrystallized from hot water, and set aside (2.9 gm.).§ 
The two mother liquors were combined, evaporated to dryness 
in vacuo, and taken up in 50 ec. of hot water. The solution was 
digested with bone-black and filtered. To the filtrate (81 cc.) 
were added 9 cc. of 10 per cent sodium hydroxide. The solution 
was immersed in boiling water for 2 minutes, then cooled, acidified 
with dilute nitric acid, and let stand in the refrigerator. The salt 
thus obtained, after recrystallization from water, amounted to 
2.7 gm. This was decomposed with 4.6 cc. of 7.6 N (saturated) 
sodium carbonate. The free base separated largely as an oil 
which was purified by digestion with bone-black in hot water. 
The filtrate was evaporated to dryness and the residue was twice 
crystallized from 95 per cent ethanol to give 0.9 gm. of the pure 
betaine in the form of prisms. 

5.0 gm. of the natural levo-tryptophane subjected to exactly the 
same procedure yielded 4.5 gm. of the methyl ester iodide® and 
0.75 gm. of betaine twice crystallized from 95 per cent ethanol. 


DISCUSSION 


The experimental data show conclusively that the racemized 
form of the naturally occurring substance, abrine, is identical 
with the amino-N-methyltryptophane synthesized by Gordon 
and Jackson. Of the derivatives employed for comparison of the 


5 The crystalline methy] ester iodide thus secured was found to be largely 
racemized and therefore unsuitable for the preparation of the betaine of 
maximal optical activity. 
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substance derived from the two different sources, some further 
mention may be made of the acetyl compound. Ghatak (1933- 
34) stated that abrine, when refluxed with acetic anhydride and 
fused sodium acetate, yielded acetyl abrine. The purified sub- 
stance was described as a microcrystalline powder with a nitrogen 
content of 10.9 per cent and melting at 286-287°. It was antici- 
pated that Ghatak’s preparation could hardly be a monoacetyl 
derivative of abrine with substitution at the a-amino group be- 
cause of the extremely high melting point. This proved to be the 
case, as the monoacetyl compounds of both the optically active 
and racemic abrine described herewith melt more than 100° 
lower than does Ghatak’s substance. 


Taste I 
Comparison of Betaines from Different Sources 
The melting point of each substance was 253-254°. 











Substance Nitrogen [e]> 
per cent degrees 
it. <4. is supiacasheth wend ait onds 11.38 
Hypaphorine, from Erythrina hypaphorus. 11.37, 11.45 +113.4* 
Betaine, prepared from tryptophane. .... 11.14, 11.07 +113.9f 
= ” WEG 6 405 ode ete 11.27, 11.15 +113.7t 








* 81.2 mg. dissolved in 4.95 cc. of H,O. 
t 54.6 mg. dissolved in 5.00 ec. of H,O. 
t 57.4 mg. dissolved in 5.00 ec. of H,O. 


Van Romburgh and Barger (1911) reported that the betaine of 
tryptophane synthetically prepared from natural levo-tryptophane 
possesses a positive rotation very close to that of the natural 
corresponding betaine, hypaphorine.6 They showed, therefore, 
that tryptophane and hypaphorine are of the same configuration. 
By employing van Romburgh and Barger’s procedure, we have 
shown that abrine belongs to this same configurational series (cf. 
Table I). Inasmuch as tryptophane has been demonstrated by 


* Van Romburgh and Barger found [a], = +94.7° calculated from the 
rotation of hypaphorine nitrate prepared from tryptophane. They quoted 
from Greshoff the rotation of 91-93° for the natural base. Our higher value 
of +113.5° + 1° was uniformly secured in all measurements of the specific 
rotation of the methylbetaine of tryptophane, irrespective of source. 
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Lutz and Jirgensons (1931) to possess the configuration of other 
naturally occurring amino acids, we now have evidence that 
abrine, like hypaphorine and tryptophane, belongs to the | con- 
figurational series as now defined and employed for the amino 
acids occurring in nature (for nomenclature, cf. Freudenberg and 
Rhino (1924))’. The naturally occurring N-methyltryptophane 
may therefore be designated as 1(+-)-abrine. 


SUMMARY 


1. Proof of the synthesis of abrine is presented. 

2. The monoacetyl derivatives of abrine and racemized abrine 
have been prepared. 

3. Abrine is shown to be of the same configurational series as 
tryptophane and hypaphorine. 
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7 It is of interest to note that Gordon (1938) has found that the natural 
l(+-)-abrine is practically as effective as tryptophane in promoting growth. 
The unnatural optical antipode, however, is apparently not thus utilizable. 








Co = «A 


S3ZBESR8EBa 
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In the course of an investigation (1) of the synthesis of abrine, 
we had occasion to employ ketene as an acetylating agent. Pre- 
liminary experiments were made with l-tryptophane. In view 
of the report by du Vigneaud and Sealock (2) that the acetylation 
of tryptophane with sodium hydroxide and acetic anhydride re- 
sults in racemization when the latter reagent is in excess, we were 
led to anticipate the possibility of a similar phenomenon if ketene 
were employed in place of acetic anhydride. Bergmann and 
Stern (3) have shown that ketene may be used for the acetylation 
of a number of amino acids. One of the products prepared by 
means of this reagent was the optically active acetyl derivative 
of glutamic acid. Pirie and Hele (4) have similarly synthesized 
acetyl-l-cysteine. However, none of these authors apparently 
encountered any racemization under their experimental conditions. 

Our experiments have shown indeed that ketene acts in much 
the same fashion as the other anhydride of acetic acid in promoting 
racemization. When a solution of l-tryptophane is kept con- 
tinuously alkaline to phenolphthalein during the introduction of a 
stream of ketene gas, the resulting acetyl derivative is not race- 
mized. On the other hand, when the ketene is allowed to generate 
acetic acid in excess of the alkali present, racemization is found to 
ensue within an hour. The same results have also been secured 
in similar experiments with /-phenylalanine. It therefore appears 
reasonable to expect that the racemization with ketene under the 
stated conditions will prove to be a general reaction for other amino 
acids. Du Vigneaud and Meyer (5, 6) have shown that several 
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representative a-amino acids are racemized by acetic anhydride 
when employed as in the tryptophane experiments already men- 
tioned. They found, however, in further work with proline and 
N-methylphenylalanine that the presence of an alkyl substituent 
in the amino group totally prevents the loss of optical activity. 
To determine whether this limitation is characteristic also of the 
action of ketene, we attempted the racemization of both proline 
and abrine. 

When proline is subjected to treatment with ketene under con- 
ditions promoting the racemization of normal a-amino acids, it is 
acetylated but not appreciably racemized in the course of 2 hours. 
Again the result with ketene parallels that reported for acetic 
anhydride. Most surprising, therefore, was the discovery that 
abrine, despite its alkylamino group, may be racemized by ketene 
at a suitable acidity. We regard this observation as quite signifi- 
cant in the consideration of possible mechanisms in the racemiza- 
tion induced by ketene. The racemizing intermediate must, 
apparently, be of such a nature as to facilitate the transient migra- 
tion of the hydrogen atom on the asymmetric carbon atom, and 
attendant racemization. Among intermediates claiming atten- 
tion is the azlactone. However, an azlactone with the amino 
nitrogen atom bearing a double bond obviously could not be 
formed from acetylated abrine in which all three valencies of the 
nitrogen are engaged with substituent groups. Further investi- 
gation of the mechanism involved and its relation to mechanisms 
of racemization discussed for comparable cases by Bergmann and 
Zervas (7) and by du Vigneaud and Meyer (6) should prove of 
interest. 

Besides revealing that ketene may be employed to prepare the 
racemic form of an amino acid from one of its optical antipodes, 
our experiments have a bearing on the increasing use of this rea- 
gent in the search for the effective chemical groups in protein or 
protein-like products possessing highly specific physiological ac- 
tion. It is conceivable that some of the asymmetric carbon atoms 
in such substances may be subject to racemization in the manner 
described, and that at least part of any physiological inactivation 
following treatment with ketene in an acid solution might be at- 
tributable to racemization rather than to the mere blocking of 
amino groups by acetylation. 
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EXPERIMENTAL 


Acetyl-l-Tryptophane—250 mg. of l-tryptophane were dissolved 
with 2 cc. of 2.5 N NaOH in a 15 cc. centrifuge tube. The gas 
from the ketene generator was passed in through a capillary tube 
for 1 hour at a rate of about 6 cc. per minute. The mixture 
warmed slightly from the heat of reaction. During the hour, 
1.5 cc. more of the sodium hydroxide were added in small portions 
so that the solution was always alkaline to phenolphthalein. The 
mixture was chilled and acidified with 6 nN HCl to give maximum 
precipitation of the product. Recrystallized from water, it 
yielded 185 mg. of colorless needles which melted at 188°.!. The 
N calculated is 11.38; found, 11.17. [aJ® = +30.5° (51.8 mg. 
in 5 cc. of water containing 1 equivalent of NaOH). 

Acetyl-dl-Tryptophane—250 mg. of Jl-tryptophane were dis- 
solved in 2 cc. of 2.6 n NaOH, and the experiment conducted as 
described above except that no extra NaOH was added. In 
the course of the hour, the mixture became acidic to litmus. The 
product was recrystallized from water to give 180 mg. of colorless 
plates which melted at 206°. The nitrogen content was found to 
be 11.39. The substance was devoid of optical activity. 

Acetyl-l-Phenylalanine—200 mg. of l-phenylalanine ({a]> = 
—33.1°) were dissolved in 2 ec. of N NaOH. Ketene gas was 
introduced at the rate of about 6 cc. per minute. 2.5 cc. of 2.5 
n NaOH solution were added in portions to keep the reaction 
alkaline to phenolphthalein. The reaction was discontinued at 
the end of an hour. At this point, the pH was found to be 11, 
measured by: the glass electrode. The mixture was chilled and 
acidified with 4.N HCl to give 167 mg. of the product. The 
recrystallized substance melted at 170-171°. [a]? = +47.6° 
(44.9 mg. in 5 cc. of absolute ethanol). This result corroborates 
the finding of du Vigneaud and Meyer (5) with regard to the sign 
of rotation of the acetylphenylalanine isomers. 

Acetyl-dl-Phenylalanine—200 mg. of the l-phenylalanine were 
dissolved in 2 cc. of N NaOH, and treated with a stream of ketene 
gas (14 cc. per minute) for 2 hours. The solution became acid 
to phenolphthalein in about 15 minutes, and the pH at the end of 
2 hours was found to be 4. The yield of the crude acetylated 
product was 141 mg. The substance was recrystallized to give 


1 All melting points reported by us are corrected. 
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stout needles which were optically inactive. The melting point 
found of 142—143° is 8° lower than that reported in the literature 
(cf. (5)). In another experiment, in which the gas was employed 
at the same rate for only an hour, the recrystallized acetylphenyl- 
alanine secured was found to have slight activity: [a]? = +1.2°. 

Racemization of N-Methyltryptophane—250 mg. of abrine ({a]” 
= + 45.7° in 0.5 Nn HCl) were dissolved in 2 cc. of 2.5 Nn NaOH 
and treated with ketene gas. The mixture became acid to litmus 
in 4 hour and the reaction was continued for a total of 2 hours. 
The pH of the solution was now found to be 3.9. The acetyl 
derivative was precipitated from the chilled solution with 4 N 
HCl. After recrystallization from water, the yield was 223 mg. 
The substance melted at 170-171° and gave [a]”> = —1.5° (39.1 
mg. in 5 cc. of 0.1 N NaOH). The acetyl compound prepared 
from abrine in an alkaline medium possesses a specific rotation of 
—148.4° and melts at 175-176°, whereas the product derived 
from racemized abrine melts at 171° (Cahill and Jackson (1)). 
The racemization described herewith was, therefore, 95 percent 
complete. The same result was secured in a second experiment. 
Our experience leads us to believe that the N-methyltryptophane 
is more difficultly racemized than tryptophane itself. 

Attempted Racemization of Proline—1.28 gm. of proline ({a]? 
= —82.7°) dissolved in 10 cc. of 2.5 N NaOH were treated with 
a rapid stream of ketene gas for 2 hours. The mixture became 
acid to litmus in 25 minutes, and at the end of 2 hours the pH was 
4.5. Dilute sulfuric acid equivalent to the sodium hydroxide 
employed was now added. The mixture was evaporated in 
vacuo to a low volume, and the product worked up as described 
by du Vigneaud and Meyer (5). The crude material, crystal- 
lized from water and then dried, amounted to 1.3 gm. This, 
recrystallized from ethanol and ether, yielded 0.64 gm. of prisms 
which melted at 116-117° and which gave [a]? = —113.2° (71.1 
mg. in 5 ec. of water). The analysis follows: calculated, C 53.47 
and H 7.06; found, C 53.82 and H 7.14. Inasmuch as the specific 
rotation of our preparation was —113.2°, whereas du Vigneaud 
and Meyer (6) reported —107.1° for the active compound (0.5 
per cent aqueous solution at 27°), it may be concluded that acetyl- 
proline is not appreciably racemized by ketene under conditions 
permitting racemization of the other amino acids studied. 
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SUMMARY 


The treatment of an alkaline solution of tryptophane or phe- 
nylalanine with a limited amount of ketene yields the optically 
active acetamino derivative. If the ketene employed is in excess 
of the alkali, thus causing the solution to become acidic, these 
two normal amino acids are rapidly converted to the racemic 
acetyl compounds. 

The presence of an N-alkyl group in the amino acid does not 
uniformly prevent racemization. No loss of optical activity is 
observed when proline is treated with ketene in an acid solution, 
whereas abrine is almost completely racemized. 

Racemization is suggested as a possible factor in any loss of 
physiological activity induced by acetylation of amino groups 
in specific protein or protein-like substances, when investigated by 
treatment with ketene in an acid solution. 


Addendum—The recent article by Neuberger (8) which has just come to 
hand reports the racemization of arginine and the partial racemization 
of histidine through the action of ketene. The author states, ‘It was 
noticed in several cases, especially when an excess of alkali was used, that 
the action of ketone on amino-acids resulted in partial or complete racemi- 
zation,’’ but makes no mention of the pH of his reaction mixtures at the 
termination of treatment with ketene. We have detected no racemization 
with ketene when the aqueous solutions of the amino acids reported by us 
above were kept continuously alkaline during the treatment with ketene 
gas. It may also be pointed out that du Vigneaud and associates (2, 5) 
found no racemization of amino acids with acetic anhydride when the 
amount of alkali employed was sufficient to neutralize both the acetyl amino 
acid and the acetic acid produced in the reaction. 
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The organic acids of the rhubarb plant have been repeatedly 
investigated and brief reviews of the literature are to be found 
in the papers of Culpepper and Caldwell (1) and of Allsopp (2). 
The latter investigator has recently studied the quantities and 
distribution of the acids of the plant throughout the year, and has 
clearly shown that these substances play an active part in the 
general metabolism, increasing rapidly in both leaves and rhizome 
during the growing season and undergoing marked changes in 
the rhizome during the winter. 

_Our interest in the acids of rhubarb leaves arose from observa- 
tions upon the behavior of the acids of excised tobacco leaves 
during culture in water. Although little change takes place when 
these leaves are exposed to light, in darkness there is a prompt 
and very extensive loss of malic acid and a corresponding increase 
in citric acid. Considerable probability was shown to attach to 
the view that malic acid is transformed into citric acid under 
these conditions (3). The tobacco plant is a typical representa- 
tive of the group of neutral plants, as classified by Ruhland and 
Wetzel; it seemed desirable therefore to study the behavior of the 
acids in one of the species classified by these investigators as an 
acid plant (4), especially as the metabolism of the amides and 
ammonia in the two groups is held to be different, and the or- 


* The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of 
Washington. 
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ganic acids in acid plants are supposed by these investigators to 
be involved in the protein metabolism. 

Composition of Rhubarb Leaves—The organic acid composition 
of well developed rhubarb leaves (blade and petiole) collected in 
June of 3 successive years is shown in Table I. There is some 
variation in detail, as is to be expected since the leaves were de- 
rived from field crops grown from old rhizomes under different 
cultural conditions, but in general nearly 30 per cent of the organic 
solids consists of organic acids. The last column shows data 
calculated from Allsopp’s analysis of a sample collected in July. 
This sample appears to have been at about the same stage of 


Tasie | 
Organic Acid Composition of Rhubarb Leaves (Blade and Petiole) 
The figures are given in gm. per kilo of fresh weight of whole leaves. 
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development as ours, and, save that the unknown acids are some- 
what higher, had a similar composition. 

About three-quarters of the total amount of organic acids in 
the leaf is present in the thick and fleshy petiole, and for this 
reason there is no definite basis for a comparison with the com- 
position of the sessile leaves of tobacco. The stalk of the tobacco 
plant, unlike the petiole of the rhubarb, contains very little organice 
acid (5). The tobacco leaf may contain as much as 30 per cent of 
its organic solids as organic acids, chiefly malic, whereas the blade 
of the rhubarb leaf, in spite of the higher acidity of the extract, 
usually contains only from 16 to 18 per cent of the organic solids 
as organic acids. 
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EXPERIMENTAL 


The leaves employed for the present experiments were those 
the analysis of which is shown under the dates 1936 and 1937 in 
Table I. Selection of twenty-leaf samples was made at random 
from a large lot of leaves pulled from the crown of the plant, care 
being taken, however, to reject leaves of unusual size or that had 
been damaged. The 1936 samples (ten in all) weighed 1948 + 
68 gm. each and the 1937 samples (eleven in all) 3481 + 47 gm., 
and it is assumed that the chemical composition of the individual 
samples of each group was constant at the start within a standard 
error of approximately this relative order of magnitude. 

The general methods employed in this laboratory for the cul- 
ture of excised leaves, and for the determination of the organic 
acids have been fully described elsewhere (6). It was found 
necessary to analyze the blade and petiole tissue separately be- 
cause of the wide difference in behavior. To this end, the blades 
of each leaf, after removal from the culture solution, were cut 
with a knife along each of the three main veins so that these 
remained attached to the petiole. The petiole was then cut into 
thin slices, both blade and petiole were rapidly dried in a venti- 
lated oven at 80°, and the dried tissue was weighed and ground in 
a Wiley mill for analysis. The analytical results were calculated 
in terms of gm., or of milliequivalents in the case of the acids, 
per kilo of the original fresh weight of the individual sample 
before culture. 

The 1936 leaves were cultured in darkness in distilled water for 
261 hours, samples being removed at eight convenient points. 
The 1937 leaves were cultured under three different conditions: 
in darkness and in continuous light in water, and in darkness in 
0.3 m (5.4 per cent) glucose solution. Samples were taken only 
at 25, 93, and 165 hours. The conditions of culture are referred 
to in the following by the letters D and L which indicate culture 
in darkness and light respectively, and W and G which indicate 
culture in water or in glucose solution. The year is prefixed to 
the designation where necessary. 


Results 


The leaves cultured in darkness in 1936 remained green and 
turgid for 72 hours, when the first signs of yellowing became ap- 
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parent at the margins. Chlorophyll breakdown had become fairly 
extensive in 96 hours and the mesophyll tissue had begun to lose 
its turgidity. The main veins and the petioles, however, remained 
turgid nearly to the end of the experiment but the mesophyll had 
become shriveled and brown in 213 hours. Table II shows the 
effect upon some of the main components.! The water content of 
both blades and petioles increased temporarily, but the rapid loss 


Tasie II 
Effects on Rhubarb Leaves of Culture in Water in Darkness 
The figures are given in gm. or milliequivalents per kilo of original fresh 
weight of whole leaves. 
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of water from the blades after 96 hours and the retention of water 
by the petiole and main veins almost to the end are evident. 
The loss of organic solids due to respiration follows a course in 
both blade and petiole that can be fairly satisfactorily expressed 


1A discussion of the changes in certain of the nitrogenous components 
in these and in the 1937 leaves is given in another paper (7). The complete 
data with a fuller discussion than is here possible will be presented in a 
forthcoming bulletin from this Station. 
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from the full data by straight lines, and it is important to note that 
the petiole experienced a greater loss than the blade. The loss 
of a considerable part of the organic acids, especially from the 
petiole, is in marked contrast to the behavior of the organic acids 
of tobacco leaves under simi‘ar conditions. The loss was accom- 
panied by a gradual change in the reaction of the tissues, the ex- 
tract from the blade changing from pH 4.0 to 5.5 and that from 
the petiole from pH 3.0 to 4.0 during the period of study. 

The soluble carbohydrates diminished rapidly, particularly in 
the blade, but comparison of the change with that of the organic 


Tasie III 
Organic Acid Composition of Rhubarb Leaves during Culture in 
Water in Darkness 
The figures are given in mi!iequivalc \:is per kilo of original fresh weight 
of whole leaves. 
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solids shows that only about one-third of the loss from the whole 
leaves can be accounted for as respiration of soluble carbohydrates. 

Table III shows the changes in the individual organic acids of 
both blade and petiole. The malic acid of the blade diminished 
by only 9 milliequivalents, whether by transport to the petiole 
or by chemical change is not apparent, but the malic acid in the 
petiole diminished by 97 milliequivalents or approximately 6.5 
gm. The change for the whole leaf represents the loss of about 
half the malic acid present. 

If the losses of 4.9 gm. of soluble carbohydrates and 6.5 gm. 
of malic acid from the petiole are combined, the total agrees very 
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closely indeed with the loss of 11.9 gm. of organic solids. Fur- 
thermore, the loss of total organic acids from the petiole was 101 
milliequivalents and it seems reasonably certain therefore that 
the malic acid which disappeared from the petiole was completely 
oxidized to volatile products. A large part of the malic acid of 
tobacco leaves likewise disappeared under similar circumstances, 
but in this case there was a corresponding and chemically equiva- 
lent increase in citric acid. The evidence pointed clearly to a 
transformation of malic into citric acid in the tobacco leaf but 
in the rhubarb leaf, at least in the petiole, malic acid appears to 
be largely respired during culture in darkness, sharing this fate 
with the soluble carbohydrates. 

Compared with the extensive change in the malic acid, the 
changes in the other acids are of minor importance. Citric acid 
was present only in small amounts at the start, and about one- 
third of it slowly disappeared. The detailed data for oxalic acid 
fluctuate above and below a mean figure in a manner that suggests 
that no significant change occurred in either blade or petiole. 
The unknown acids showed a significant temporary increase in 
the petiole in the early stage of culture but no other change was 
detected. During culture in water in darkness, therefore, the 
chief metabolic change in the organic acids of rhubarb leaves is 
the respiration of a large part of the malic acid, mostly from the 
petiole. 

A summary of the results of the determinations of the organic 
acids in the leaves studied in 1937 is shown in Table IV. The 
total organic acid content and the malic acid content of both 
blade and petiole are given, but only the whole leaf data for the 
other components are included, in view of the minor nature of 
the changes. The hydrogen ion activity of the blade changed 
from pH 4.0 to 4.8 in the DW and DG experiments but only to 
pH 4.3 in the LW series. The petioles in all cases changed only 
from pH 3.0 to 3.2 in the period studied. 

The general behavior of the DW leaves resembled that noted in 
the 1936 experiment but, in both LW and DG leaves, chlorophyll 
breakdown had not become at all serious at the end of 93 hours 
and the samples were still in far better condition than the DW 


leaves at the end of 165 hours. The petioles and main veins re- 
mained turgid throughout. 
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The total orgariic acids in the DW series had apparently 
changed very little at the end of the culture period, unlike that of 
the leaves examined in 1936, but the amount present had dropped 
materially in 93 hours. A continuous loss was observed through 
a series of successive samples in the 1936 experiment. 

The behavior of the organic acids of the petioles was markedly 
different in the three experiments. In the DW series, the total 


Taste IV 
Changes in Organic Acids of Rhubarb Leaves under Different 
Conditions of Culture 
The figures are given in milliequivalents per kilo of original fresh weight 
of whole leaves. 
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* The letters D and L indicate culture in darkness and light respectively; 
the letters W and G indicate culture in water or in 0.3 m (5.4 per cent) 
glucose solution. 


acids fell slightly but in the DG series, slowly increased. In 
the LW series, the increase was prompt, but later the acids de- 
creased to about the initial level. 

These changes become intelligible in the light of the behavior 
of the malic acid. In the blades in all cases, about half the small 
amount originally present disappeared, though whether by trans- 
port to the petiole or by chemical change is not evident. In the 











50 Organic Acids of Rhubarb. III 


petioles of the DW series there was a considerable loss, in the DG 
series a definite although slow gain followed by a slow loss, and 
in the LW series there was an immediate gain followed by a rapid 
loss, so that the final value was far below the initial value. Ex- 
amination of the figures for the whole leaf shows that these changes 
were all materially in excess of those that could have been pro- 
duced by transport from the blade. 

The prompt increase in the malic acid in the petioles during 
culture in light at once raises the question of its origin. The 
increase in 25 hours was 24 milliequivalents or 1.5 gm. During 
the same interval, the whole leaves lost 4 gm. of organic solids, 
including 1.3 gm. of soluble carbohydrates, and gained 15 milli- 
equivalents of total organic acidity. Thus the newly formed 
malic acid must have arisen from a precursor which was not an 
acid, and there was insufficient soluble carbohydrate originally 
present to account for all of it. The inference is clear that malic 
acid was formed, at least in part, either directly or indirectly 
from the products of photosynthesis, and, accordingly, malic 
acid metabolism is definitely linked with the carbohydrate me- 
tabolism. This conclusion is supported by the result of the cul- 
ture in darkness in glucose solution. The contrast between the 
data for the petioles in the DW and DG experiments makes the 
specific influence of glucose clear. The increase of 20 milliequiva- 
lents of malic acid (1.3 gm.) in 93 hours of culture in glucose may 
be compared with the increase of 34 milliequivalents of total or- 
ganic acids and of 10 milliequivalents of unknown acids. The 
newly formed malic acid must therefore have been derived from 
some non-acidic substance. Data for glucose absorption, ob- 
tained by analysis of the culture solutions employed, indicated 
that 11.4 gm. of glucose were taken up in 93 hours per kilo of whole 
leaf. The organic solids of the whole leaves increased only 2 gm. 
in this period, and the soluble reducing sugar content increased 
by only 0.5 gm. It is therefore clear that the absorbed glucose 
was rapidly metabolized, the greater part being respired. 

Whether a part of it was directly converted into malic acid, 
or whether the presence of a large supply of glucose permitted the 
leaves to synthesize malic acid from components that would other- 
wise have had some other fate cannot be decided; but there is a 
definite analogy between the behavior of the malic acid in the 
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leaves cultured in glucose solution in darkness and in the leaves 
cultured in water in light, which were presumably able to produce 
carbohydrates by photosynthesis. This analogy was most strik- 
ing in the early phase of the experiment when the leaves were in 
good condition and absorption of glucose solution on the one hand, 
and photosynthesis on the other, were most active. 

The citric acid diminished in all three experiments, but the 
change was significant only in the DW series. The detailed data 
for blade and petiole show evidences of transport from blade to 
petiole in each case, particularly in the LW series. In the pres- 
ence of glucose, the apparent loss of total citric acid was no 
greater than the error of the determination; in light it was just 
appreciable. Citric acid plays a very minor rdle in the metabo- 
lism of the rhubarb leaf, in marked contrast to its behavior in 
tobacco leaves. 

The oxalic acid determinations in the DW and DG experiments 
show no evidence of transport of oxalic acid from blade to petiole, 
but transport of a little apparently took place in light. The 
data for the whole leaf suggest that at most a very small change 
occurred in the quantity present save possibly in the LW series 
where there may have been a slight loss. The acids of the un- 
known group, calculated by difference, increased in all cases, the 
change being most important in the LW series. The total amount 
present, however, is small in relation to the malic acid, and no 
interpretation of the behavior can be made save to point out that 
an increase in this group of substances is perhaps to be antici- 
pated under conditions of rapid carbohydrate metabolism. The 
protein of the leaves in the DW experiment underwent extensive 
digestion in the interval between 25 and 93 hours, but there was 
little or no effect upon the group of unknown acids in this period 
and, accordingly, it may be inferred that these substances are not 
to any great extent concerned with the protein metabolism. 


DISCUSSION 


The chief effect upon the organic acids of the culture of rhubarb 
leaves either in light or darkness is upon the malic acid. In 
darkness this diminishes; in light it increases, at least temporarily. 
The effect of culture in light can be simulated by culture in dark- 
ness in glucose solution. There is therefore a definite relation- 
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ship between malic acid and the carbohydrate metabolism. Malic 
acid arises under conditions of adequate carbohydrate supply, 
and disappears under conditions where the carbohydrates are 
otherwise utilized. Whether or not the newly formed malic 
acid is derived from transformations of the carbohydrate does not 
appear. It is possible that the glucose so stimulated the general 
metabolism that malic acid was produced from some other source, 
but light energy plays no essential part in the reaction and malic 
acid is therefore not a direct product of photosynthesis. 

Speculation upon the details of the intermediary metabolism 
of the malic acid in the rhubarb leaf at the present time is hardly 
justified. The numerous suggestions in the literature have been 
carefully reviewed and compared by Bennet-Clark (8-10), but 
few of them are supported by cogent evidence and none appears 
to have general validity. The success of our attempt to influence 
the malic acid content by culture in glucose solution suggests a 
possible approach to a more detailed study of the phenomenon. 

The general effect upon the acids of rhubarb leaves of culture 
in light is a confirmation of results obtained many years ago by 
Steinmann (11) who recorded an increase in the titratable acidity 
during the day and interpreted this as a possible indication of the 
direct photosynthesis of organic acids. The increase of 9 per 
cent of the morning acidity he observed is of the same order of 
magnitude as the increase in malic acid we have found during 25 
hours of culture in continuous light. 

The demonstration that malic acid may arise during culture in 
glucose solution in darkness is of particular importance in con- 
nection with the views of Kostytchev and Tschesnokow (12), and 
of Ruhland and Wetzel who hold that the plant acids are derived 
from the metabolism of protein. The latter investigators main- 
tain that this is specifically the case in the rhubarb plant, and con- 
sider that one of the functions of the newly formed organic acid is 
to neutralize the ammonia that also arises from the oxidation of 
the amino acids, thereby rendering it harmless to the plant. If 
this were the case, one would expect parallel increases in both 
organic acids and ammonia during culture, whereas in fact there 
is a decrease in organic acids during the period when ammonia is 
being most rapidly formed. To what extent observations upon 
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the culture of excised leaves can be applied to the explanation of 
the metabolism of normal leaves is, of course, debatable, but the 
evidence is clear that the metabolism of malic acid in the rhubarb 
leaf is intimately connected with that of the carbohydrates. 

It is probably desirable to add a word on the danger of gen- 
eralization from the few facts regarding the metabolism of malic 
acid that have been ascertained. The behavior in rhubarb is 
entirely different from that in the tobacco plant. The only other 
case in which any substantial body of evidence has been accumu- 
lated is that of the acid metabolism in succulent plants such as 
Sedum, Crassula, Bryophyllum, and Opuntia species. In these, 
organic acid appears during culture in darkness and disappears in 
light, the exact reverse of the behavior in rhubarb. Mayer 
many years ago showed that oxygen is liberated during the dis- 
appearance of the acid, and obtained considerable evidence that 
malic acid is the substance involved in the changes (13). This 
phenomenon seems indeed to be common and Bennet-Clark (8) 
gives a list of numerous species in which it has been noted. On 
the other hand, specific methods for the identification of the acid 
concerned have been applied in few cases. There is a large litera- 
ture devoted to the discussion of the problem (9), but no well 
established theoretical interpretation has yet been found although 
it seems clear that in this case also malic acid arises from carbo- 
hydrate sources. 


SUMMARY 


The organic acids of rhubarb leaves diminish during culture in 
water in darkness, and evidence is presented that the change is 
due to respiration of a large part of the malic acid in the petiole. 

Culture in water in light brings about a temporary increase in 
the organic acids in the petiole which is shown to be due to an 
increase in malic acid. Culture in glucose solution in darkness 
brings about a similar but more prolonged and even more exten- 
sive change, and the evidence is clear that the newly formed malic 
acid arises directly or indirectly from the carbohydrate. 

The organic acid metabolism of rhubarb leaves differs funda- 
mentally from that of tobacco leaves during culture under similar 
conditions, and the behavior of the malic acid in both of these 
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species differs from its behavior in succulent plants. Accordingly 
generalizations upon the chemical relationships of malic acid in 
green leaves are difficult to frame. 

Neither citric nor oxalic acid appears to be extensively involved 
in the chemical changes of the organic acids of excised rhubarb 
leaves during culture, and the acids of the so called unknown 
group likewise play a minor réle. No evidence was found to 
link any of these acids with the protein metabolism. 
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MODIFICATION OF THE METHOD OF SHOHL AND 
BENNETT FOR THE DETERMINATION OF POTASSIUM 
IN SERUM AND URINE* 


By W. V. CONSOLAZIO ann JOHN H. TALBOTT 


(From the Medical Clinic of the Massachusetts General Hospital and the 
Fatigue Laboratory, Morgan Hall, Harvard University, Boston) 


(Received for publication, July 27, 1938) 


The Lindo-Gladding procedure (1) as adapted by Shohl and 
Bennett (2) for determination of potassium in small amounts of 
biological material has been modified. The entire procedure may 
be carried out without transfer in one container, a cone-pointed 
quartz tube. The final titration is performed with a modified 
Rehberg microburette (3) with gain in rapidity and facility (4). 

Reagents and A pparatus— 

Platinum chloride, 20 per cent solution in nN HCl. 

Absolute ethyl alcohol, saturated with potassium chloro- 
platinate. 

Sulfuric acid, 50 per cent by volume. 

Potassium iodide, 2 Nn, iodate-free. 

Sodium sulfate, 50 per cent saturated, potassium-free. 

Cone-pointed quartz tube, 10 ce. capacity.' 

Rehberg microburette, 0.225 cc. capacity.* 

Glass stirring rods, 1.0 mm. by 150 mm. 


Procedure 


An amount of serum or urine which contains from 0.002 to 0.01 
milliequivalent of potassium is transferred to a cone-pointed 
quartz tube. Convenient quantities are 1 cc. of serum and 0.2 
ec. of urine. Naturally occurring phosphates and iron do not 


* This investigation was aided by the Corn Industries Research Founda- 
tion. 

1 Macalaster-Bicknell Company, No. C-1546, 1937 catalogue. 

* Macalaster-Bicknell Company, No. C-1535, 1937 catalogue. 








7 
5 
4 
4 





56 Potassium Determination 


interfere and need not be removed. 1 drop of 50 per cent sulfuric 
acid is added. The mixture is placed in an oven at 110° for 12 
hours or until charring occurs. In urine or other material which 
contains less than 0.10 milliequivalent of sodium in the sample, 1 
drop of 50 per cent saturated sodium sulfate is added before 
charring. The tube is placed in a cold electric muffle furnace 
and ashed overnight at a temperature between 450-500°. The 
temperature should be raised slowly to prevent spattering. The 
tube is then cooled to room temperature and 0.2 cc. of 20 per cent 
platinum chloride in N HC] is added. The bottom of the tube is 
agitated vigorously. The sample is next treated with 5 cc. of 
absolute alcohol which has been saturated with potassium chloro- 
platinate and filtered before use. The mixture is stirred for 
several seconds with a fine glass rod to insure complete precipita- 
tion of the potassium chloroplatinate. The rod is rinsed with 1 
ec. of filtered alcohol and the tube is placed in a rack for 30 minutes. 

The tube is centrifuged at approximately 2000 r.p.m. for 5 
minutes. The supernatant fluid is removed by suction through a 
glass tube drawn to a fine capillary. (The capillary prevents a 
back flow of mother liquor which might disturb the precipitate.) 
The precipitate is then washed with 5 ec. of filtered alcohol, and 
the mass broken up by a fine glass rod and dispersed throughout 
the wash solution. The rod is rinsed a second time with 1 cc. 
of alcohol and the process of centrifuging and removal of the 
supernatant fluid is repeated. 

The tube is placed in a water bath at a temperature of about 
70°. The temperature is slowly raised to boiling and the alcohol 
completely evaporated. (If the tube is placed in boiling water, the 
alcohol may spatter and some precipitate is lost.) The precipitate 
is covered with 5 cc. of distilled water, the tube remaining in the 
water bath at about 80° until solution of the potassium chloro- 
platinate is complete. Agitating the tube aids the solution. 
Approximately 1 ce. of 2 N potassium iodide is added and the tem- 
perature maintained for a few minutes to insure complete forma- 
tion of the iodoplatinate. The tube is cooled to room temperature 
by tap water. The solution is titrated finally with 0.1 N sodium 
thiosulfate delivered from a Rehberg burette. The end-point is 
a clear lemon-yellow color, free from red. 1 drop of thiosulfate 
is ejected from the burette and the tip wiped with filter paper, 
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before refilling. Rewiping before the first titration is necessary; 
further wiping between titrations is not necessary. 

As an alternate procedure the iodoplatinate may be determined 
colorimetrically. 


Comment 


Quartz tubes are preferred to Pyrex tubes because of the higher 
yield. The lower yield (about 5 per cent) in Pyrex tubes may be 
caused by the fusion of potassium salts to the glass. 

It is realized that the temperature at which potassium salts 
are ashed affects their percentile recovery. Known quantities of 
potassium chloride were ashed with sulfuric acid at a temperature 
of 410° for 40 hours with an 8 per cent loss. 2 gm. of potassium 
chloride were treated with sulfuric acid and ignited in a platinum 
crucible. There was a significant loss of salt due to creeping. 
Potassium sulfate behaved similarly. If, however, sodium sulfate 
was added to the salt before charring began, other conditions 
remaining equal, the loss was less than 2 per cent. The use of 
sodium sulfate enables one to maintain an ashing temperature of 
500° for more than 12 hours with only negligible loss of potassium. 
It is supposed that the sulfates of sodium and also of calcium and 
magnesium act as occluding agents and favor precipitation of 
potassium chloroplatinate. 

The evaporation of alcohol has replaced the washing of the 
precipitate by a potassium chloride solution saturated with 
potassium chloroplatinate as recommended by Shohl and Bennett. 
If the precipitate is washed with a solution of potassium chloride, 
the recovery is from 5 to 10 per cent low. 

Recovery of potassium from a known solution is about 50 
per cent if 80 per cent alcohol (5) is used in place of absolute 
alcohol. A concentration of 95 per cent alcohol gives a recovery 
of about 95 percent. In order to maintain the final concentration 
of alcohol close to 100 per cent, 0.2 cc. of a combined solution of 
concentrated platinum chloride and hydrochloric acid may be 
added. The yield with this solution is 98 per cent ggmore. Al- 
though we have suggested absolute alcohol saturatéd with potas- 
sium chloroplatinate for precipitation, this is thot’ necessary, as 
absolute alcohol alone gives an error of les#*than 0.5 per cent. 

A black ring of precipitated platinum around the wall of the 
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tube may be observed occasionally during titration. When this 
is noted it indicates that all of the alcohol has not been evaporated 
and some of the iodoplatinate has been reduced to platinum. 
Such analyses should be discarded and the tubes cleaned with 
aqua regia. 

Titration of the iodoplatinate while hot is inadvisable with a 
Rehberg burette. Sufficient heat radiates from the tube to cause 
some expansion of the titrating fluid. A sharper end-point is 
obtained and the color change is stable if the solution is at room 
temperature. 


Results 


In Table I are presented data from sixteen consecutive analyses 
of a known solution which contained 5.00 milliequivalents per liter 
of potassium in addition to other salts found in serum. The 
average recovery was 5.00 milliequivalents per liter. The maxi- 
mum error was +2 per cent. This is greater accuracy than we 
have been able to obtain with the method of Shohl and Bennett. 

In Table II, are presented data from eleven samples of human 
sera. 1 cc. samples with the method described are compared with 
10 cc. or 20 cc. with the Lindo-Gladding gravimetric method. The 
agreement was better when 20 cc. samples were used in the macro- 
method. In six of the sera the maximum deviation was less than 
5 percent. In the remainder the deviation varied between 5 and 
10 per cent. There was no consistent difference between the 
volumetric and gravimetric methods. It is admitted that these 
results are not ideal but it is probably as fallacious to implicate 
the titrimetric as the gravimetric method. The gravimetric 
procedure is more difficult and the opportunity for technical errors 
is probably greater, owing to loss of potassium salts during ashing 
in open dishes. Under such conditions the greater loss takes place 
within the first few hours. Following this a constant weight is 
reached and ignition at 750° for 12 hours results in no appreciable 
change in weight. 

Known amounts of potassium chloride were added to distilled 
water and ox serum and the resulting concentrations determined 
by the micromethod and the macromethod of the Association of 
Official Agricultural Chemists (1). These observations are given 
in Table III. The ox serum was found by repeated determinations 
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TABLE I 
Recovery of Potassium from Known Solution 
The solution contained the following constituents: sodium 140.0, 
potassium 5.0, calcium 5.0, magnesium 2.0 milliequivalents per liter. 
Sample No Method described 
— — a ae 
1 4.94 
2 4.99 
3 4.98 
4 4.97 
5 4.97 
6 4.97 
7 5.10 
8 5.06 
9 4.93 
10 4.91 
ll 5.02 
12 5.00 
13 4.99 
14 4.95 
15 5.05 
16 5.12 
ONG. .osne desea Rhesaceuaee 5.00 
i Taste II 
Concentration of Potassium of Human Sera 
Subject Lindo-Gladding method woe 
¥ | m.eq. per l, m.eq. ook. = 
J 4.81 (10 cc. samples) 4.55 
A 4.42 (10 “ = 4.32 
P 4.39 (10 “ - 2 3.98 
WwW 4.16 (10 “ = 4 4.06 
8 3.98 (10 “ = 8 4.12 
K 4.30 (10 “ we 4.01 
C 3.74 (10 “ oid 3.95 
P 5.66 (20 “ = 9 5.58 
T 7.07 (20 “ Pind 7.11 
C 5.71 (20 “ 7) ll 6.17 
Ww 5.91 (20 “ m2 5.98 
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to contain exactly 5.00 milliequivalents per liter of potassium. 
The recovery from the aqueous solution by the micromethod was 
0.07 and 0.13 milliequivalent per liter less than the theoretical. 
By the macromethod the recovery from the same solutions was 
0.45 and 0.33 milliequivalent, respectively, less. By the micro- 
technique recovery of potassium added to the ox serum was better 



































TaB.e III 
Recovery of Potassium Added to Distilled Water and to Ox Serum 
ite eee Asociatio ion of 
Method | )theial 
Sample No. Vehicle | Theory described | 4 oy 
(1 ec. samples) | method 
| |(10 ce. samples) 
m.eq. per l m.eq. per l. m.eq. per L 
1 Distilled water 6.67 6.60 | 6.22 
2 ” = 2.65 2.52 2.32 
3 Ox serum 5.00 5.00 4.53 
4 a "7 5.21 5.11 4.77 
5 “ou | §.58 5.43 | 5.21 
6 “4 | 7.82 7.25 | 6.85 
TaBLe IV 
Concentration of Potassium in Human Urine 
Lindo-Gladdi hod Method described 
Sample No. 7 (10 ce. am im y 0.2 cc. samples) 
m.eq. per l. m.eq. per l. 
1 25.6 25.4 
2 21.8 19.3 
3 27.5 26.6 
4 23.8 21.6 
5 20.9 21.3 
6 23.9 23.0 
7 13.0 13.0 











than 98 per cent. By the macrotechnique, recovery varied be- 
tween 88 and 92 per cent. 

In Table IV data are presented from seven samples of urine. 
In five samples the variation between the titration and Lindo- 
Gladding method was less than 4 percent. The average deviation 
was 3.5 per cent. 
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SUMMARY 


A modification of the Shohl and Bennett method for deter- 
mination of potassium in biological material is given. The entire 
procedure is carried out in a cone-pointed quartz tube and the 
titration fluid is delivered from a Rehberg microburette. The 
average error is believed to be less than 2 per cent. 
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STRUCTURE OF DESOXYRIBONUCLEIC ACID 


ON THE DIPHOSPHORIC ESTERS OF PYRIMIDINE- 
DESOXYRIBOSIDES 


By P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 27, 1938) 


There appeared recently an article by Bredereck and Caro! 
dealing with the structure of desoxyribonucleic acid. The authors 
claim to have isolated on mild hydrolysis only the monophosphoric 
acid and not the diphosphoric esters of the two pyrimidine nucleo- 
sides, as had been previously reported from our laboratory.*:*:* 

It is expected from a critic of the results of an earlier investiga- 
tion that his arguments should be based on more rigorous evidence, 
particularly when an interval of 20 years separates the two inves- 
tigations. A scrutiny of the experimental evidence presented by 
Bredereck and Caro reveals that it would scarcely have been con- 
sidered rigorous even at the date of the earlier publications. 

In particular, Bredereck and Caro base their conclusions on the 
analysis of brucine salts and of amorphous barium salts which are 
identified by their barium content only. Not a single complete 
analysis of a barium salt is given. We cénvinced ourselves long 
ago that such data deserve little reliance or credence. 

Had Bredereck and Caro accurately repeated our experiments, 
they should have had no difficulty in obtaining a crystalline barium 
salt of the diphosphorie ester of the thyminedesoxyriboside, for 
it crystallizes without much difficulty. 

A complete analysis of a crystalline barium salt deserves, in 
our judgment, more credence than the mere barium estimation of 


! Bredereck, H., and Caro, G., Z. physiol. Chem., 268, 170 (1938). 

* Levene, P. A., and Mandel, J. A., Ber. chem. Ges., 41, 1905 (1908). 
* Levene, P. A., and Jacobs, W. A., J. Biol. Chem., 12, 411 (1912). 
‘Levene, P. A., J. Biol. Chem., 48, 119 (1921). 


63 

















nate 





~ ato} — 4, 
_ 


64 Desoxyribonucleic Acid 


an amorphous salt, or even than a complete analysis of a brucine 
salt. Indeed, the elementary composition of the brucine salt of 
the monoester does not differ sufficiently from that of a diester 
to permit a final decision between the two structures. The 
brucine salts present a great advantage for the purpose of pre- 
liminary fractionation but not for identification. 

Realizing the importance of the claims of Bredereck and Caro 
on the theory of structure of the desoxyribonucleic acid, we re- 
analyzed one of the substances prepared by us in 1920-21; namely, 
the barium salt diphosphorie ester of cytosinedesoxyriboside. 
The salt had remained a perfectly white powder, soluble in water. 
The composition of the substance had remained practically un- 
changed. 

Unfortunately, the old sample of the barium salt of the diphos- 
phoric ester of the thyminedesoxyriboside could not be found. 
However, several gm. of a brucine salt labeled “crude brucine salt 
of hexothymidine diphosphoric acid” were found. From this the 
barium salt of the diphosphoric ester was obtained in pure state. 
The brucine salt was recrystallized from 35 per cent alcohol 
four times, the salt then acquiring the appearance of small 
elongated prisms. The brucine salt was converted into the lead 
salt, and that into the barium salt. The composition of this 
substance was in perfect agreement with the theory for the barium 
salt of the diphosphoric ester. 

The history of the monoester of the pyrimidinedesoxyribosides 
is the following: In 1908 Levene and Mandel* described a sub- 
stance having the composition of the monophosphoric ester of 
thyminenucleoside. In 1912 Levene and Jacobs’ again obtained 
substances having the composition of the monophosphoric ester 
of pyrimidine nucleosides as well as some of the diphosphoric 
esters. In 1920-21 Levene‘ obtained the barium salts of the 
diphosphopyrimidinedesoxyribosides and also a barium salt having 
the nitrogen to phosphorus ratio of a monophosphoric ester of a 
pyrimidine nucleotide. On ‘further purification the latter was 
found to consist of the diphosphoric ester. At that time no 
monophosphoric ester was isolated from the products of hydrolysis. 
That the monophosphoric ester might have been missed in the 
course of the many fractionations leading to the preparation of 
the diphosphoric esters is not impossible and was admitted in our 
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publications of 1920-21. For the theory of the structure of 
desoxyribonucleic acids, the monophosphoric ester is of lesser 
importance. On the other hand, it is peculiar that as our ex- 
perience in handling nucleotides has increased, we have found 
that the crude barium salt which contained the barium to phos- 
phorus ratio corresponding to the monoester on purification yielded 
in the main the diphosphoric ester. Incidentally, Bredereck and 
Caro admit that some of their fractions might have contained the 
diphosphoric acids. 


EXPERIMENTAL 


The barium salt of the diphosphocytidinedesoryriboside analyzed 
in 1920-21 was reexamined. It was completely soluble in water. 
The solution did not form even a turbidity with a solution of 
barium hydroxide and gave no test for free phosphoric acid with 
an ammonium molybdate solution. 


3.905 mg. substance: 2.390 mg. CO, and 0.612 mg. H,O 


5.700 “ <4 : 36.495 “* MgsP:07 
7.150 “ = : 0.391 cc. N; at 28°, p 756 mm. 
CsHiuNsP20;0Bay. Calculated. Cc 16.41, H 1.68, N 6.38, P 9.43 


Found (1920-21). ‘“‘ 17.05, “ 2.12, * 6.17, “ 9.40 
** (1938). ** 16.69, ‘* 1.73, ** 6.17, “ 9.29 


The better agreement of the present values with the theory 
is due to the fact that the older values were obtained by the 
macromethods. 

Barium Salt of Diphosphothyminedesoryriboside—The crude 
brucine salt prepared in 1920-21 was recrystallized four times 
from 35 per cent ethanol. The salt then acquired the shape of 
small elongated flat prisms. 


4.070 mg. substance: 8.100 mg. Mg:P,0, 


5.080 “ = : 2.97 ec. Nz at 31.5°, p 752.5 mm. 
CreHi21027N 10P 2 + 14H,0. Calculated. N 6.27, P 2.82 
Found. ** 6.48, “* 2.89 


The above salt was decomposed by means of aqueous ammonia. 
The aqueous solution was concentrated to small volume, acidu- 
lated, and treated with a solution of neutral lead acetate. The 
lead salt was thoroughly washed with water and was decomposed 
in the usual way, and the filtrate from the lead sulfide was rendered 
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faintly alkaline to phenolphthalein. A few floccules of barium 
phosphate were removed. On concentration under reduced pres- 
sure at room temperature a granular precipitate consisting of 
striated globules soon began forming. Dried at 100° and at a 
pressure of 400 mm., the substance had the following composition. 


11.420 mg. substance: 17.68 mg. CO; and 1.905 mg. H,O 


4.005 “ Pe : 25.300 “* Mg:P:0;7 
7.975 “ " : 2.97 cc. N at 28.5°, p 762 mm. 
(CioHi2N201,:P:Baz). Calculated. C 17.83, H 1.81, N 4.16, P 9.22 
Found (1920-21). ‘“‘ 18.11, “ 1.93, “* 4.04, “‘ 8.97 
** (1938). ** 17.68, ‘* 1.86, ** 4.13, “* 9.17 


The mother liquor was further concentrated and poured into 
alcohol, giving a second precipitate. 
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XVI. FURTHER STUDIES OF THE SYNTHESIS OF SUBSTANCES 
RELATED TO LYSERGIC ACID 


By WALTER A. JACOBS anp R. GORDON GOULD, Jr. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 28, 1938) 


In a previous communication (1) we have described the syn- 
thesis of ergoline, a substance consisting of an unsubstituted, 
tetracyclic indole nucleus which is at the same time a derivative of 
a decahydroquinoline and is the ring system that has been derived 
for lysergic acid (2). Attempts have since been made to extend 
the program of synthesis to include the substituting groups present 
in lysergic acid; namely, the N-methyl group in Ring D and the 
carboxyl group which had been assumed to be in position 7 in 
Ring D. However, in view of the recent evidence, which we have 
presented elsewhere (3, 4), that the carboxyl group of lysergic 
acid is in position 8, it has now become more urgent to extend the 
study in this direction. We wish at this point to record our ex- 
perience in the attempt to introduce a carboxyl group only in 
position 7. 

It has been possible by the following series of steps to synthe- 
size 6-methyl ergoline (Formula II). In order to avoid the for- 
mation of a mixture of methylated derivatives which would be 
expected if methylation were attempted after reduction to the 
polyhydroquinoline stage, methylation was directly accomplished 
with the quinoline derivative itself. Thus the lactam of 3’-amino- 
5, 6-benzoquinoline-?-carbonic acid (1) gave smoothly the quinolin- 
ium methiodide (Formula I). This salt on catalytic hydrogena- 
tion gave the hydroiodide of the 1-methyl-2 ,3 , 4-trihydroquinoline 
derivative which was studied as the free base. When the latter 
was further reduced with sodium in butyl alcohol 6-methyl ergoline 
(Formula II) resulted, owing to further reduction of the quinoline 


* Reference (4) should have been designated Paper XV. 
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nucleus and the lactam group. Although this synthesis should 
result in a mixture of two racemic isomers since there are two 
centers of asymmetry in methyl ergoline, the properties of the 
substance obtained after recrystallization suggested homogeneity. 





Vv VI 


“It gave color reactions which were very close to those given by 
lysergic acid itself. At this stage the attempt was made to obtain 
N-methyl ergoline by decarboxylation of dihydrolysergic acid 
but, as reported elsewhere (4), the latter was found not to decar- 
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boxylate on pyrolysis but to rearrange to a lactam with cleavage 
of Ring D. On the other hand, pyrolysis of lysergic acid itself 
has been found to result not only in loss of CO, but also of methyl- 
amine. 

Parallel with the above studies a series of substances was syn- 
thesized leading to ergoline-7-carbonic acid as follows: 5 ,6-Benzo- 
quinaldine-?-carbonic acid (Formula III) was prepared by the 
Doebner reaction from 3-amino-l-naphthoie acid and acetalde- 
hyde. It was further characterized as the methyl and ethyl esters. 
The 2-methyl group of this acid was smoothly oxidized to carboxy! 
by selenium dioxide (5) with formation of 5 ,6-benzoquinoline-2 ,7- 
dicarbonic acid. The nature of the latter was confirmed by its 
ready decarboxylation at the melting point with formation of the 
previously described monobasic 5,6-benzoquinoline-7-carbonic 
acid (1). 

On nitration of the dibasic acid a mixture of mononitro deriva- 
tives resulted which consisted essentially of 3’-nitro-5 ,6-benzo- 
quinoline-2 ,?-dicarbonic acid. This was not purified as such, 
but its reduction product because of ready lactam formation was 
easily separated from other substances as the lactam of 3’-amino- 
5 ,6-benzoquinoline-2 ,?-dicarbonic acid (Formula IV). The methyl 
and ethyl esters of the latter were also prepared. Hydrogenation 
of the lactam acid and its ester was then studied. When hydro- 
genation of the former was interrupted after absorption of 2 moles 
of He, an unstable 1 ,2,3,4-tetrahydro derivative resulted, which 
was isolated preferably as the hydrochloride. The methyl and 
ethyl esters proved to be more stable. The substance which was 
found to possess the most favorable properties of the series re- 
sulted from the complete hydrogenation of the ethyl ester. This 
product, since it proved to be the lactam of an amino group still 
of aromatic nature, must be 1,2,3,4,7,8,9,10-octahydro-3’- 
amino-5 ,6-benzoquinoline-2 ,7-dicarbonic ethyl ester lactam (For- 
mula V). 

Because of the unfavorable solubility relationships shown by 
the original, fully aromatic benzoquinoline acid and its esters, 
reduction with sodium and butyl alcohol proved to be impracti- 
cable. The reduction of the tetrahydro and octahydro derivatives 
was therefore studied. In these cases substances were obtained 
which gave the Keller reaction. The reaction most studied was 
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the reduction of the tetrahydro methyl ester. In this case the 
reaction mixture, which gave strongly the Keller reaction, yielded 
by careful manipulation a substance that approximated in com- 
position that of the desired ergoline-7-carbonic acid (Formula VI). 
Unfortunately the yields obtained and the properties of the sub- 
stance made very difficult its final purification. Since it has now 
become evident that the properties of lysergic acid fit best with 
those of an N-methyl ergoline-8-carbonic acid, this particular 
synthesis of 7-carbonic acids has not been pressed further. 

It is of interest to mention at this point that all attempts to add 
methyl iodide to the benzoquinoline lactam acid (Formula IV) 
and its esters, as well as to their tetra and octahydro derivatives 
(Formula V), were unsuccessful. In most cases starting material 
was practically quantitatively recovered. This is possibly due to 
steric hindrance and is interesting in contrast with the behavior 
of lysergic acid, dihydrolysergic acid, their esters, and the dihy- 
drolysergols which have been found to add methyl iodide readily. 
On the other hand, 2-methyl-5 ,6-benzoquinoline-?-carbonic ethyl 
ester added methy] iodide readily to give the corresponding benzo- 
quinaldinium methiodide derivative. 

Simultaneously with the above, we have had in progress among 
other related subjects the synthesis of substances leading to ergo- 
line-8-carbonic acid and ergoline-9-carbonic acid and their deriv- 
atives. This work will be presented at a later time. 


EXPERIMENTAL 


3’-Amino-5 ,6-Benzoquinolinium Methiodide-7?-Carbonic Acid 
Lactam—3 gm. of the lactam prepared as previously described 
(1) were treated in a bomb tube with 15 cc. of methyl iodide at 
100° for 18 hours. The bright orange-red crystalline precipitate 
was collected with ether. The yield was quantitative. Recrys- 
tallized from a large volume of water, the substance formed needles 
which melted at 291-292° with decomposition. 

CyHyON:I. Calculated. C 49.72, H 3.06, N(CH;) 4.14 


Found. * 49.98, “ 3.33, a 2.12 
as 2.96 


1-Methyl-2 ,3 ,4- Trihydro-3'-Amino-5 ,6- Benzoquinoline-7-Car- 
bonic Acid Lactam—This substance was obtained by catalytic 
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hydrogenation of the methiodide. 0.285 gm. of the methiodide 
was suspended in 30 cc. of 0.5 per cent HCl and hydrogenated in 
the presence of 0.1 gm. of PtO: catalyst. The theoretical amount 
of hydrogen was absorbed in 3 to 4 hours. As the starting ma- 
terial dissolved, it was replaced by the hydrogenation product. 
The resulting suspension was heated at the end to dissolve the 
precipitate of colorless needles and the catalyst was filtered off. 
The clear solution was made slightly alkaline with ammonia 
and the precipitate of bright yellow crystals was collected. The 
yield was 90 per cent. The substance crystallizes from alcohol 
in plates which melted at 220-221°. 


CisH,ONs2. Calculated. C 75.59, H 5.93, N(CH;) 6.30 
Found. ** 75.48, “ 5.61, ” 4.94 


6-Methyl Ergoline—A solution of 0.7 gm. of the previous N- 
methyl derivative in 100 cc. of dry n-butyl alcohol was treated 
with 5 gm. of sodium at the boiling point. After all the metal 
had dissolved, 100 cc. of water were added, and the buty! alcohol 
was removed in vacuo. The residual aqueous solution was ex- 
tracted with benzene. The residue from the benzene extract 
was dissolved in a few cc. of ether. 2.5 cc. of water were added, 
followed by dilute HCl until the aqueous layer was just acid to 
Congo red. Beautifully crystalline 6-methyl ergoline hydro- 
chloride separated on standing. The yield of crude salt was 75 
mg. It was recrystallized several times from water with norit, 
and separated as glittering leaflets. 


CisHisN2-HCl. Calculated. C 68.54, H 7.29, N(CH;) 5.71 
Found. ** 68.18, “ 7.54, = 2.90 


The free base was obtained by addition of alkali to an aqueous 
solution of the salt. It separated as a flocculent white precipitate. 
Recrystallized from methyl! alcohol or chloroform, it melted at 
210-212°. The pure substance is practically insoluble in ether, 
whereas the crude mixture of products obtained by the sodium- 
butyl alcohol reduction is readily soluble. The substance, although 
a racemic mixture, appeared to be otherwise homogeneous. 


CisHisN:. Calculated. C 79.59, H 8.02, N(CH;) 6.64 
Found. * 79.54, “ 7.57, sg 5.97 
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6-Methyl ergoline gives the Keller test but there is a suggestion 
that the color shade in the acetic acid layer is a little more in the 
purple than that given by lysergic acid. It gave a definite melt- 
ing point depression with ergoline itself. It may be mentioned 
at this point that ergoline more recently purified by repeated re- 
crystallization of its hydrochloride has since been found to melt 
at 201-203° instead of at 175-183° as previously given (1). 

5 ,6-Benzoquinaldine-?-Carbonic Acid—This acid was prepared 
by the Doebner reaction. 30 gm. of the finely powdered sulfate 
of 3-amino-l-naphthoic acid were mixed with 30 gm. of paralde- 
hyde and 60 cc. of HCl (sp. gr. 1.19) and the mixture was heated 
under a reflux at 110-120°, with mechanical stirring, for 6 to 8 hours. 
The reaction mixture was diluted with 500 cc. of water, brought 
to a boil, and then filtered. The filtrate was neutralized to Congo 
red with NaOH solution and, after cooling, the precipitate was 
filtered. The crude product was recrystallized several times from 
dilute HCl as the hydrochloride. The latter was finally decolor- 
ized with norit in dilute HCl solution and then neutralized with 
NaOH as before to give the free quinaldine acid. The yield was 
about 9 gm. 

For analysis it was recrystallized from a small volume of pyri- 
dine and separated as transparent rods which melted at 313-315° 
with decomposition. 


CysH,,O.N. Calculated, C 75.92, H 4.68; found, C 76.15, H 4.65 
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The hydrochloride formed needles from dilute HCl, which 
melted at 314-316° with decomposition. 


CyHy,O.N-HCl. Calculated, C 65.80, H 4.42; found, C 65.77, H.4.75 


The Methyl Ester—The finely powdered hydrochloride of the 
acid was suspended in a large volume of absolute methyl alcohol 
and refluxed with a continuous stream of HCl until a clear solution 
resulted. The resulting HCl salt was converted as usual into the 
free quinaldine ester. Recrystallized from alcohol, it formed 
needles melting at 114-116°. 


CysHyO:N. Calculated, C 76.46, H 5.22; found, C 76.44, H 4.96 


The Ethyl Ester—The ethyl] ester prepared in the same manner 
after recrystallization from alcohol melted at 103-104°. 


=> 


<n eae 


tat tet eee 


Se ee 


ee ee 





ee 


CizyHyO:N. Calculated, C 76.94, H 5.70; found, C 77.32, H 6.07 
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5 ,6-Benzoquinaldinium Methiodide-7-Carbonic Ethyl Ester— 
The ethyl ester when heated at 100° with an excess of methyl 
iodide gave the methiodide in good yield. Recrystallized from 
water, it melted at 201-203° with decomposition. 


CisH:s0.NI. Calculated, C 53.06, H 4.46; found, C 52.5, H 4.45 


5 ,6-Benzoquinoline-2 ,?7-Dicarbonic Acid—The 2-methyl group 
in the benzoquinaldine acid was readily oxidized to carboxyl by 
selenium dioxide, either as the ester in amyl alcohol or xylene 
solution, or better as the free acid in pyridine solution. Ordinary 
so called c.p. pyridine contains homologous methyl pyridines 
which were oxidized to the corresponding pyridine acids (5) at 
the same time, but this did not affect the main reaction and the 
products could be easily separated. 

20 gm. of benzoquinaldine-7-carbonic acid were dissolved in 
150 cc. of boiling pyridine and cooled. 40 gm. of selenium diox- 
ide dissolved in 20 ec. of warm water were added in small portions 
and the mixture was then refluxed for 8 hours. The precipitated 
selenium was collected and found to weigh 11.5 gm.; calculated, 
10gm. The clear filtrate was concentrated in vacuo. The residue 
formed a crystalline cake which was dissolved in water. Dilute 
HCl was added until slightly acid to Congo red, and the precipitate 
was filtered off. The crude dibasic acid was washed with water 
and dried in vacuo at 100°. The yield was practically theoretical. 
It melted at 258° with evolution of COs, resolidifying as the mono- 
basic 7-carbonic acid which melted at about 300° as previously 
described (1). 


CysH,O.N. Calculated, C 67.40, H 3.40; found, C 67.66, H 3.19 


The substance formed a beautifully crystalline monosodium salt 
from an acetic acid-sodium acetate buffer. 

3’-Nitro-5 ,6-Benzoquinoline-2 ,7-Dicarbonic Acid—The nitra- 
tion was performed as described for the monocarbonic acid, with 
fuming nitric acid (sp. gr. 1.58) at 0°, and the resulting solution 
was poured into ice water. It was purified by reprecipitation 
from alkaline solution with dilute HCl. 


CisHsO.N:. Calculated, C 57.68, H 2.58; found, C 57.74, H 3.06 


The substance was presumably not homogeneous. 
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3’-Amino-5 ,6-Benzoquinoline-2 ,7-Dicarbonic Acid Lactam—10 
gm. of the above nitro derivative were dissolved in a mixture of 
50 cc. of water and 15 ce. of concentrated ammonium hydroxide. 
The solution was added slowly with shaking to a suspension of 
ferrous hydroxide prepared from a mixture of 100 gm. of ferrous 
sulfate in 250 cc. of water and 100 cc. of ammonium hydroxide. 
The mixture was heated to about 70° and treated with 65 cc. of 
50 per cent NaOH. It was then boiled for 5 minutes and filtered. 
The clear, light red filtrate was acidified to Congo red with HCl 
which produced a flocculent red precipitate gradually turning to 
atancolor. After the mixture was boiled for 5 minutes to com- 
plete lactamization and cooled, the crude product was collected 
with water. The yield was 7.8 gm., which represented an over-all 
yield from benzoquinaldine-7-carbonic acid of about 70 per cent. 
The substance was soluble only in concentrated H2SO, and di- 
lute aqueous pyridine or piperidine solutions. It was purified 
through the sparingly soluble ammonium salt, and by precipita- 
tion from solution in dilute pyridine with HCl. 

The ammonium salt melted with decomposition at 273-276°. 
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CisH110;N;3. Calculated. C 64.03, H 3.94, N 14.95 
Found. ** 63.9 , ** 3.51, “ 14.93 


The free acid, which was yellow in color, was dried at 100° 
in vacuo and melted at 270-271° with evolution of CO, and then 
resolidified. The resulting benzoquinoline lactam melted at 280- 
281° as previously described (1). 


CisH,O;N;:. Calculated, C 68.16, H 3.05; found, C 67.9, H 3.17 


The Methyl Ester—The free acid was esterified by passing HCl 
through the boiling methyl alcoholic suspension or by refluxing 
in methyl alcohol containing 6 per cent of H,SO,. The resulting 
sparingly soluble methyl ester salts were hydrolyzed when treated 
with water. The bright yellow ester was recrystallized from pyri- 
dine and melted at 305-307°. 


CysHi0O:N2. Calculated, C 69.04, H 3.62; found, C 68.30, H 3.62 
si ** 68.23, “* 3.52 


The Ethyl Ester—This ester was prepared in the same way. 
Recrystallized from pyridine or glacial acetic acid, it melted at 
275-277°. 
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CivHwO;Ne. Calculated, C 69.84, H 4.14; found, C 69.24, H 4.18 
se ae 69. 56, “a 4.58 


1 ,2,3,4-Tetrahydro-3'-Amino-d5 ,6-Benzoquinoline-2 ,?-Dicarbon- 
ic Acid Lactam—1.5 gm. of the previous benzoquinoline lactam 
acid suspended in about 50 ce. of acetic acid were hydrogenated 
at 60° with 0.5 gm. of PtO, catalyst. The solution absorbed 
460 cc. of He in 1 hour, and the absorption which had slowed 
down was interrupted at this point. Calculated for 2 moles of 
H2, 413 ce. The clear solution was filtered from the catalyst and 
enough HCl was added to cause complete precipitation of the acid 
salt. The yield of hydrochloride of the tetrahydro compound was 
1.3 gm. 

The free tetrahydro acid was found to be very sensitive to air, 
as in the case of tetrahydroquinaldinic acid (6). It was obtained 
by treating an aqueous suspension of the hydrochloride with 
sodium acetate solution. The substance melted at 237-239°, 
and was lemon-yellow in color. However, it has been very diffi- 
cult to obtain satisfactory analytical figures with the acid itself. 
Better results were obtained with the esters. 

The Methyl Ester—This ester was obtained with methyl alco- 
hol and HCl, and also by catalytic reduction of the parent benzo- 
quinaldinic acid ester. Recrystallized from methyl alcohol, the 
yellow tetrahydro ester melted at 234-236°. 


CyHyOsN:2. Calculated, Cc 68 .05, H 5.00; found, Cc 68 . 38, H 5.06 


The Ethyl Ester—Both methods of preparation were also used 
in this case. Recrystallized from ethyl alcohol or pyridine, the 
substance melted at 240-242°. 


Ci7HyOs;Ne. Calculated, C 68.88, H 5.44; found, C 69.43, H 5.38 
“ ** 68.46, “ 5.15 


1 ,2,3,4,7,8,9,10-Octahydro-3'-Amino-5 ,6-Benzoquinoline- 2 ,7- 
Dicarbonic Acid Lactam Ethyl Ester—When the above catalytic 
hydrogenation in the case of the ethyl ester was continued for a 
long time (30 to 40 hours), a crystalline substance was isolated in 
about 30 per cent yield. Analysis showed it to be an octahydro 
derivative. Over this long period the apparent absorption of H, 
corresponded to about 5 moles, possibly due toleakage. It formed 
long, pale yellow needles from ethyl alcohol, which melted at 
232-236°. 
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Ci7H2003N3. Calculated, Cc 67.96, H 6.72; found, Cc 68 . 29, H 6.80 


This substance, after cleavage with alkali, gave the usual reactions 
of an aromatic amino derivative. On reduction with sodium and 
alcohol the formation of an indole derivative also demonstrates 
the aromatic character of the amino group. 

Ergoline-?-Carbonic Acid—0.7 gm. of 1,2,3,4-tetrahydro-3’- 
amino-5 ,6-benzoquinoline-2 ,7-dicarbonic acid lactam methyl ester 
was dissolved in 100 cc. of dry n-butyl alcohol and brought to a 
boil. 5 gm. of sodium were added and the mixture was shaken 
vigorously. The color changed to an orange-red at first and 
finally a clear, almost colorless solution resulted. After addition 
of water and removal of butyl alcohol in vacuo, the residual 
aqueous alkaline solution was extracted successively with benzene 
and ether to remove by-products and then filtered. The solution 
was then made just acid to Congo red with H.SO,, which caused 
precipitation of dark colored, amorphous material that was fil- 
tered off. Sodium carbonate solution was added to the filtrate 
until just alkaline to phenolphthalein. On concentration a residue 
was obtained which was dried and ground. This material was 
extracted three times with 25 cc. of boiling alcohol, and the com- 
bined extracts were concentrated in vacuo. The red, resinous 
residue was dissolved in a few cc. of water. Dilute HCl was 
cautiously added until just acid to Congo red and after standing 
at 0° the solution was filtered from a dark colored, amorphous 
precipitate. The filtrate was concentrated in vacuo to a thick 
syrup, and a few drops of HCI (1:1) were added. After standing 
at 0° for several days, crystalline material separated, which was 
collected. The yield was only 10 mg. After recrystallization 
from dilute HCl it formed glittering leaflets. Its color reactions 
were practically identical with those given by lysergic acid. 


CysH»O2N:-HCl. Calculated, C 61.52, H 5.86; found, C 60.9, H 5.14 
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THE ENZYMATIC SYNTHESIS AND HYDROLYSIS OF 
CHOLESTEROL ESTERS IN BLOOD SERUM* 
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In recent publications (1, 2) we have shown that bile salts exert 
a marked influence on the proportion between the cholesterol 
fractions in incubated human and dog sera. In small concen- 
trations all of the bile salts studied inhibit, increasingly with in- 
creasing amounts, the esterification of free cholesterol which occurs 
normally during incubation of both types of serum. In larger 
concentrations some of them promote hydrolysis of cholesterol 
esters in dog serum but not in human serum. It is probable that 
these reactions are involved, directly or indirectly, in the me- 
tabolism of cholesterol in vivo. For example, if esterification of 
free cholesterol goes on continuously in vivo as it does in vitro, 
cholesterol esters must be removed continuously from the serum 
in order to maintain the proportion between combined and free 
cholesterol within the narrow limits observed in healthy human 
beings (3). In hepatic disease bile salts, accumulating in the 
serum, may inhibit the esterification as they do in vitro without 
affecting the mechanism for removing cholesterol esters. The 
result would be a decrease in the proportionate amount of com- 
bined cholesterol such as is actually found. On the basis of such 
considerations it seemed worth while to study the ,reactions in 
more detail and in the present communication we describe a series 
of experiments designed to shed further light on the mechanisms 
involved. 

1. The spontaneous esterification of free cholesterol on in- 


* This investigation was supported in part by the Josiah Macy, Jr., 
Foundation and in part by the Carnegie Corporation of New York. 
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cubation of serum and the absence of any reaction in serum which 
has been heated at 60° for 1 hour are strong evidence for the 
enzymatic nature of the reaction (4). In this investigation 
mixtures of human or dog serum with heat-inactivated serum of 
either the same or the opposite species were incubated. Both 
human and dog sera promoted esterification of free cholesterol in 
heat-inactivated serum of each species. The finding provides 
further proof of the existence in serum of an enzyme or enzyme 
system which may be called the “‘esterifying factor.” 

2. The ability of larger concentrations of taurocholate and 
glycocholate to promote hydrolysis of cholesterol esters in dog 
serum but not in human serum can be explained by the hypothesis 
that a different enzyme or enzyme system—a “hydrolyzing 
factor’’—is also present in dog serum but absent from human 
serum. Evidence in support of this theory was obtained in the 
following experiments: (a) Mixtures of human and dog sera were 
incubated in the presence of taurocholate. Complete or nearly 
complete! hydrolysis of the cholesterol esters of both the human 
and admixed dog sera resulted. (b) Mixtures of dog serum with 
heat-inactivated human or dog serum were incubated in the 
presence of taurocholate. There was complete hydrolysis of all 
of the cholesterol esters of sich mixtures. (c) Dried dog serum 
was added in small amount to heat-inactivated dog serum which 
was then incubated in the presence of taurocholate. Marked 
(usually complete) hydrolysis of cholesterol esters resulted. (d) 
Globulin fractions from dog serum in the presence of taurocholate 
catalyzed complete hydrolysis of cholesterol esters in human 


1 In previous publications we have referred frequently to the hydrolysis 
of cholesterol esters in dog serum in the presence of larger amounts of 
glycocholate and taurocholate as ‘‘complete.’’ Actually the ratio of com- 
bined to free cholesterol usually varies from 0 to 0.06. We thought for a 
time that the small amount of unhydrolyzed ester, which such ratios indi- 
cate, represented experimental error; but, if that were true, an equal varia- 
tion in the opposite direction should have been and has not been observed. 
In few experiments did the apparent free cholesterol concentration exceed 
the total cholesterol concentration. Unless in our analytical procedure 
there is a systematic loss of free cholesterol, for which there is no evidence 
(5), the hydrolysis is usually not quite complete. For convenience in 
discussion, however, we shall continue to use the term ‘‘complete hydroly- 
sis’’ in referring to experiments yielding ratios within the range indicated. 
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serum and in heat-inactivated human or dog serum. Fractions 
prepared in exactly the same way from human serum were inert. 

3. The dried dog serum and the globulin fractions from human 
and dog sera were incubated with unheated and heat-inactivated 
sera without taurocholate. All of the preparations inhibited, 
sometimes almost completely, the esterification of free cholesterol 
in unheated serum. We have no explanation for this unexpected 
result. The fact that the human globulin, which contained no 
“hydrolyzing factor,’’ showed the inhibitory effect just as did the 
dog globulin demonstrates that the “hydrolyzing factor” is not 
responsible. None of the fractions catalyzed esterification in 
heat-inactivated serum. The finding presents strong evidence for 
the non-identity of the “hydrolyzing” and “‘esterifying” factors, 
since the dog preparations were rich in the former. 

4. Serum was incubated alone until esterification had ap- 
proached a maximum, taurocholate was added, and incubation 
was continued for an additional period. With human serum 
taurocholate had little effect. With dog serum the results varied 
widely from experiment to experiment and from replicate to rep- 
licate in the same experiment. Usually (but not always) there 
was some hydrolysis, but only once were cholesterol esters split 
completely as they would have been uniformly if taurocholate had 
been added at the beginning of incubation. The result supports 
the view that two factors are present in dog serum and indicates 
that the one concerned with the splitting of cholesterol is in- 
activated during the preliminary incubation period to an extent 
which varies with conditions not yet understood. If so, the addi- 
tion of the active factor along with taurocholate should promote 
complete hydrolysis. To test the point dog globulin was added 
along with taurocholate at the end of the preliminary period of 
incubation in some of the experiments. Without exception com- 
plete hydrolysis of cholesterol esters occurred. 

5. The rates of esterification of free cholesterol and of hy- 
drolysis of cholesterol esters in the presence of bile salt were 
studied. The esterification is relatively slow, requiring 3 to 4 
days to approach a maximum. The hydrolytic reaction is by 
contrast very rapid, being half complete within 5 minutes and 
approaching a maximum in 4 to 8 hours. 

All of the findings are in accord with the hypothesis that the 
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esterification of free cholesterol and the hydrolysis of cholesterol 
esters in dog serum in the presence of bile salt are in effect in- 
dependent reactions catalyzed by different enzymes or enzyme 
systems, both of which are present in dog serum and of which 
only the one concerned with esterification is present in human 
serum. Speculation as to the mechanisms of these enzymatic 
reactions, attractive as it is, must be deferred until it becomes 
warranted by further evidence. 


EXPERIMENTAL 


As the work has involved several thousand cholesterol deter- 
minations, it will be impossible to present the data in detail. 
Fortunately in most instances experiments repeated under the 
same conditions gave essentially the same result; hence the find- 
ings may be described by illustrative examples. 

Serum was incubated at 37-38° alone or with the addition of 
various substances for 1 to 3 days in tightly stoppered test-tubes. 
The cholesterol fractions were determined by the method of 
Schoenheimer and Sperry (6) in control samples before, and in the 
experimental samples after incubation. Most of the experiments 
were performed in duplicate; in a few instances where greater 
precision was desired three or four replicates were incubated 
together. Control analyses were carried out in triplicate. 

The first part of the work was not performed under sterile 
conditions, and to reduce the chance of bacterial growth the time 
of incubation was restricted to 1 day. As in the preceding investi- 
gation (2) which was carried out concurrently with many of the 
experiments of the present study, occasional samples became 
cloudy. This degree of infection appeared to have no influence 
on the findings, since the agreement between duplicates when only 
one of them had clouded was satisfactory. Furthermore after the 
discovery that sodium ethyl mercurithiosalicylate (added in the 
proportion of 0.1 cc. of 1 per cent solution per 10 cc. of serum) 
protected against infection and had little, if any, influence on the 
esterification, most of the experiments were repeated in the pres- 
ence of this preservative and with a 2 or 3 day incubation period. 
The results were unchanged. 

In some of the experiments in which the samples were incubated 
1 day the amount of esterification was small. The finding was 
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explained later by studies of the rate of esterification, which pro- 
ceeds slowly and approaches completion only in 3 days. This 
circumstance does not invalidate the 1 day experiments, because 
the period of incubation was the same for all samples in each 
experiment and the effects of various substances were qualitatively 
the same for 1 day and 3 day incubation periods. Furthermore 
much of the work was concerned with the splitting of cholesterol 
esters in the presence of bile salt, a reaction which proceeds much 
more rapidly than the esterification and is virtually complete 
within 4 hours. 

With the exception of a few early experiments in which gly- 
cocholate was used, taurocholate was the only bile salt employed 
in this investigation. It was selected because of those studied 
it appears to have the most marked effect on the hydrolysis of 
cholesterol esters in dog serum (2). 0.075 cc. of a 0.065 m solution 
of bile salt was added to 0.3 ce. of serum. The final concentration 
was therefore 0.013 m except in those experiments in which other 
solutions were also added; in these the concentration (minimum 
0.011 m) was well within the range which promotes complete 
splitting of cholesterol esters in dog serum (see Fig. 3 (2)). 

Serum which had been heated at 55-60° for 1 hour was em- 
ployed in many of the experiments. Many samples of such heat- 
treated human and dog sera have been incubated alone and with 
the addition of bile salts. Without exception no esterification 
occurred in the absence of bile salts and there was no hydrolysis 
of cholesterol esters in dog serum in the presence of bile salts. 
It seems certain therefore that the active factors are inactivated 
by the heating process, and such heat-inactivated serum presents 
an ideal medium for testing the activity of various preparations. 

1. Esterification of Free Cholesterol in Heat-Inactivated Serum 
Promoted by Unheated Human or Dog Serum—Mixtures of human 
or dog serum® with heat-inactivated serum of either the same or 


? All of the human serum used in this investigation was from venous 
blood, while most samples of dog blood were taken from the femoral artery. 
The remote possibility that the apparent differences between human and 
dog sera might actually be differences between venous and arterial sera 
was ruled out by direct comparisons of venous and arterial sera taken 
simultaneously from the same dog. The cholesterol concentration was 
the same, esterification proceeded to the same degree in the absence of 
bile salt, and there was complete hydrolysis of cholesterol esters in the 
presence of taurocholate in both types of serum. 
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the opposite species were incubated. Thirty-three experiments, 
about equally distributed among the four different mixtures, were 
carried out. The proportion was varied from 3:2 to 1:6 parts 
of unheated to heat-inactivated serum, respectively. In twenty 
experiments it was 1:1. A representative experiment is given in 
Table I. 

In this and all other experiments of the investigation the degree 
of esterification (or hydrolysis) was calculated from free (or com- 
bined) cholesterol values corrected for deviations in the total 
cholesterol concentration from the control value for reasons which 
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Esterification of Free Cholesterol in Heat-Inactivated Human Serum Promoted 
by Unheated Human Serum 























Cholesterol 

Esteri- 

Total Free Corrected fication 

‘100. | 100cc. | 100¢c. | Percent 

ee er 199.9 53.1 

Unheated serum incubated 3 

i fee ee oe 210.1 | 26.5 25.2 52.5 
Mixture (1:1) of unheated and in- 
activated serum incubated 3 

Riles s 08s ie ek kd. i 204.4 32.0 31.3 41.1 
Theoretical values if only un- 

heated portion had reacted...... 39.2 26.3 
Apparent esterification in inacti- 

vated portion................... 7.9 29.7 





are omitted in order to save space. The corrections were usually 
small. In interpreting the data it was assumed that esterifica- 
tion of the free cholesterol of the unheated portion of the 
mixture took place at the same rate as in serum incubated alone. 
The assumption seems justified, since there is no reason to antici- 
pate a higher rate of esterification, while a lower rate would reduce 
the apparent esterification of free cholesterol supplied by the heat- 
inactivated serum. 

No differences among the four types of mixtures could be made 
out. In four of the experiments there was no apparent esterifica- 
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tion of free cholesterol supplied by the inactive component of the 
mixture and in five the value was less than 10 per cent and of 
questionable significance. These nine experiments involved only 
1 day of incubation and, as the degree of esterification in control 
samples was small, the error in calculating the apparent esterifica- 
tion in the inactivated part of the mixture was high. Without 
exception in experiments carried out with 3 days incubation there 
was a large apparent esterification of the “inactivated” free choles- 
terol with a maximum of 64.7 per cent. The average of fourteen 
such experiments was 33.1 per cent, while the average of the entire 
series was 20.3 per cent. 

2,a. Hydrolysis of Cholesterol Esters in Human Serum Promoted 
by Dog Serum in Presence of Taurocholate—Nine samples of 


Taste II 


Hydrolysis of Cholesterol Esters in Human Serum Promoted by Dog Serum 
in Presence of Taurocholate 

















Cholesterol Ratio, 
Treatment bined 
Total Free |Combined| * free 
“hove. | 100ce | 100ce. 
SS ES? eee Pk: 194.8 56.3 138.5 2.46 
Incubated with taurocholate...... 146.8 42.3 104.5 2.47 
“ (ai oc and 
I, . + cs ibe ¥évo¥ acbeaniee 143.5 141.4 2.1 0.01 











human serum were mixed with dog serum in equal proportions 
and incubated with bile salt. The result of a representative 
experiment is given in Table II. The ratio of combined to free 
cholesterol varied from 0 to 0.06 with an average of 0.02, showing 
complete or nearly complete! splitting of the cholesterol esters of 
the human as well as of the admixed dog serum. The ratio did not 
change significantly from the control value in human serum in- 
cubated with bile salt alone, in accord with previous findings (see 
Fig. 3 (2)) and many other such experiments carried out during 
the course of this investigation. 

2,b. Hydrolysis of Cholesterol Esters in Heat-Inactivated Human 
and Dog Sera Promoted by Dog Serum in Presence of Taurocho- 
late—In six experiments mixtures of dog serum and heat-inacti- 
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vated human serum in the proportion of 1:1 or 1:2 were incubated 
with taurocholate. The ratio of combined to free cholesterol 
varied from 0 to 0.05. In control experiments with the situation 
reversed (mixtures of human serum and heat-inactivated dog 
serum) the ratio did not change appreciably from the original 
level during incubation. In five similar experiments with mixtures 
of unheated and heat-inactivated dog sera the ratio varied from 
0 to 0.06. 

2,c. Effect’ of Dried Dog Serum on Hydrolysis of Cholesterol 
Esters—Six samples of dog serum were frozen and taken to dryness 
in vacuo. The dry powder (5 mg.) was dissolved in unheated and 
heat-inactivated portions (0.3 cc.) of the same serum which had 
been kept cold during the day or two required for drying. Tauro- 
cholate was added and the samples were incubated. Cholesterol 
esters were hydrolyzed, completely in four experiments and to a 
marked degree in two. The ratios of combined to free cholesterol 
before incubation were 2.72, 2.60, 2.69, 2.88, 2.16, and 2.66; 
after incubation with taurocholate and dried serum they were 
respectively 0, 0.01, 0.02, 0.07, 1.09, and 1.39. When the dried 
serum was dissolved in water in approximately the proportion of 
the original serum and incybated with taurocholate, marked 
hydrolysis of cholesterol esters occurred. 

Portions of the dried serum were extracted exhaustively with 
acetone and ether. The resulting residues behaved like the un- 
extracted material and, furthermore, the analytical data indi- 
cated that cholesterol was still present. On repeating the extrac- 
tion quantitatively it was found that little, if any, of the serum 
lipids is removed at room temperature by acetone, ether, or 
ethylene chloride. However, if the dried serum is first dissolved 
in water, the lipids may be extracted by treating with an excess of 
acetone, centrifuging, and washing the precipitate with acetone 
and ether. Two such lipid-free protein preparations were studied 
in the same manner as was the whole dried serum. They appeared 
to be inert, promoting no hydrolysis in inactivated serum. Several 
analogous preparations from untreated serum behaved in the 
same manner. 

2,d. Effect of Serum Globulin on Hydrolysis of Cholesterol 
Esters—Serum was treated with an equal volume of saturated 
ammonium sulfate; the precipitate was centrifuged down at high 








._*%* — > 


eo 4a = hlUrmhUCUrMhC<C—~it 














W. M. Sperry and V. A. Stoyanoff 85 


speed, dissolved in, and dialyzed against 0.9 per cent NaCl under 
reduced pressure (7) until the dialysate was almost sulfate-free. 
The globulin solution was frozen and taken to dryness in vacuo. 
The residue was powdered and employed in studies like those 
carried out with dried whole serum, 5 mg. being dissolved in 0.3 
ec. of serum. Five such preparations from dog serum and an equal 
number from human serum were studied. Each was incubated 
with unheated and heat-inactivated human and dog sera, with the 
addition of taurocholate. 

The result of a typical experiment is shown in Table III. It is 
evident that dog globulin catalyzed the hydrolysis of cholesterol 























Tasie III 
Effect of Serum Globulin Fractions on Hydrolysis of Cholesterol Esters in 
Serum 

Ratio,* combined cholesterol 
eet Substances added to free cholesterol 

Human serum/ Dcg serum 
1. None None (control)t 2.61 2.41 
. = ‘* (incubated) 4.94 10.81 
-_ = Taurocholate | 2.69 0.01 
—_ = = and dog __ globulin 0.05 0.04 
po ae ty * human 1 2.59 0.04 
6. Heated ¥'5 ** dog 0.00 0.03 
7 ae oo ** human P 2.61 2.43 








* An increased ratio indicates esterification of free cholesterol; a de- 
creased ratio indicates hydrolysis of cholesterol esters. 
t All samples except the control were incubated 3 days. 





esters in human serum (compare Lines 3 and 4) and in heat-in- 
activated human and dog serum (Line 6). Human globulin had 
no effect in catalyzing hydrolysis (Lines 5 and 7) though it did not 
interfere with the normal splittingof esters indog serum in the 
presence of taurocholate (Line 5). 

3. The dried dog serum and the globulin fractions were incu- 
bated with unheated and heat-inactivated serum without tauro- 
cholate. The effect of the globulin fractions is shown by the 
result of a typical experiment (Table IV). Both human and dog 
globulins inhibited esterification of free cholesterol in each type 
of serum (compare Lines 3 and 4 with Line 2). In some experi- 
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ments the inhibition was almost complete. Neither type of globu- 
lin promoted esterification in heat-inactivated serum (Lines 5 and 
6). Dried dog serum also inhibited esterification, usually almost 
completely. For example, in one experiment the control ratio of 
combined to free cholesterol was 2.69, the ratio after incubation 
of the serum alone was 4.06, while with the addition of dried 
serum it was 2.85. The dried serum showed no ability to catalyze 
esterification in heat-inactivated serum. 

All of the globulin fractions hydrolyzed tributyrin (8, 9), those 
from human serum apparently possessing greater activity than 
those from the dog. The factor concerned with splitting choles- 











TaBie IV 
Effect of Serum Globulin Fractions on Esterification of Free Cholesterol in 
Serum* 

Ratio, combined cholesterol to free 
Tygatenent Substances added Chetesterel 

Human serum Dog serum 
1. None None (control)f 2.61 2.41 
- ee ** (incubated) 4.94 10.81 
Bae Human globulin 3.69 5.75 
Dog ok 3.96 5.37 
5. Heated Human _ 2.59 2.35 
6 - Dog > 2.54 2.37 














* This experiment was carried out simultaneously with the one described 
in Table III on the same sera and globulin fractions. 
t All samples except the control were incubated 3 days. 


terol esters cannot be tributyrinase, since the former was not 
present in human globulin. Moreover the factor responsible for 
esterification of free cholesterol is not the enzyme which hydrolyzes 
tributyrin, since the former was absent from all of the globulin 
preparations. 

4. Effect of Taurocholate Added to Serum after Esterification Has 
Taken Place—Samples of dog serum were incubated for 2 or 3 
days, taurocholate wasadded, and incubation was continued for 2 
days more. Control samples without bile salts were analyzed at 
the end of the preliminary and total incubation periods. The 
experiments were carried out in triplicate, quadruplicate, or, in 
one experiment, sextuplicate. 
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The findings in eight such experiments, in contrast with most 
of those obtained in this investigation, are characterized by a large 
variation among the average values of different experiments and 
among the values obtained in replicates in the same experiment. 
There was usually some hydrolysis, but cholesterol esters were split 
completely in only one experiment. In some experiments four of 
the dog globulin preparations described above were added along 
with taurocholate at the end of the preliminary period (5 mg. to 











TaBLe V 
Rate of Synthesis and Hydrolysis of Cholesterol Esters in Dog Serum 
Time of incubation (one tle ek) cote ee en) 
per cent per cent 
0 min.* 3.7 
a= 56.3 
». * 68.9 
OT, 70.3 
ey 73.4 
=” 75.6 
1 hr. 92.5 
2 hrs. 7.4 
&_° 12.2 98.3 
5: .° 15.2 
. 18.9 96.4 
1 day 47.2 98.7 
2 days 57.8 99.2 
 * 67.4 
i 69.1 
Be 66.4 
Pe 68.0 








* Analyzed immediately after mixing the serum and bile salt solution. 





0.3 ce. of serum). The samples were incubated for an additional 
period along with those containing only taurocholate. Without 
exception complete hydrolysis of cholesterol esters occurred.* 


* The globulin fractions were nearly a year old when these experiments 
were carried out and it was necessary to ascertain whether they were still 
active. They had been kept at room temperature in stoppered tubes. 
Samples of heat-inactivated serum to which the globulin preparations and 
taurocholate had been added were incubated as controls in each of these 
experiments. Cholesterol esters were hydrolyzed completely. The result 
demonstrates the stability of the “hydrolyzing factor.’ 
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The effect of taurocholate added to human serum after a pre- 
liminary period of incubation was studied in five experiments. Trip- 
licate and quadruplicate determinations agreed satisfactorily 
and the findings were essentially the same throughout. The 
average esterification in the preliminary period was 41.0 per cent, 
in the total period (without bile salt) 44.8 per cent, and with tauro- 
cholate 40.0 per cent. 

5. Rate of Synthesis and Hydrolysis of Cholesterol Esters— 
Samples of serum with and without added taurocholate were ana- 
lyzed after varying intervals in the incubator. The result of a 
typical experiment is shown in Table V. The values for esterifica- 
tion and hydrolysis are the percentage decreases in the respective 
free and combined cholesterol concentrations from the control 
amounts. 

The esterification of free cholesterol is arelatively slow reaction, 
approaching a maximum in 3 days. All of the experiments (one 
on human and five on dog serum) gave curves of the same general 
shape, though there was considerable variation in the maximum 
degree of esterification. The hydrolysis on the other hand is very 
rapid; it was consistently over 50 per cent complete in 5 minutes 
and reached a maximum in 4 to 8 hours. 


SUMMARY 


Changes in the proportion between the cholesterol fractions 
occurring in human and dog blood sera on incubation at 37-38° 
were studied with and without the addition of various substances. 

No esterification of free cholesterol or hydrolysis of cholesterol 
esters (in dog serum with added bile salt) occurs on incubation 
of serum which has been heated at 55-60° for 1 hour, and it serves, 
therefore, as an excellent medium for studying the activity of 
various preparations. 

Both human and dog sera promote esterification of free choles- 
terol in heat-inactivated serum of each species. 

Dog serum in the presence of taurocholate promotes hydrolysis 
of cholesterol esters in human serum and in heat-inactivated human 
and dog sera. 

In the presence of taurocholate small amounts of dog serum, 
dried in vacuo at low temperature, catalyze hydrolysis of cholesterol 
esters in inactivated portions of the same serum. 
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Globulin fractions from dog serum in the presence of tauro- 
cholate catalyze hydrolysis of cholesterol esters in human serum 
and in heat-inactivated human and dog sera. Globulin fractions 
from human serum prepared in exactly the same way do not 
promote hydrolysis. 

Dried dog serum and globulin fractions from human and dog 
sera inhibit the spontaneous esterification of free cholesterol in 
unheated serum and do not catalyze esterification in heat-in- 
activated serum. 

Hydrolysis of cholesterol esters in dog serum in the presence of 
bile salt is a rapid process, being half completed in 5 minutes and 
reaching a maximum within 8 hours or less. The esterification of 
free cholesterol is relatively slow, approaching a maximum in 
3 days. 

All of the findings may be correlated with the hypothesis that the 
esterification of free cholesterol and the hydrolysis of cholesterol 
esters are in effect independent reactions catalyzed by different 
enzymes or enzyme systems, both of which are present in dog serum 
and of which only the one concerned with esterification is present 
in human serum. The factor in dog serum concerned with the 
hydrolysis of cholesterol esters is inactivated to a variable degree 
by incubation of serum for 2 to 3 days. 
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THE PURIFICATION OF THROMBIN* 


By WALTER H. SEEGERS, K. M. BRINKHOUS, H. P. SMITH, ann 
E. D. WARNER 


(From the Department of Pathology, State University of Iowa, Iowa City) 


(Received for publication, July 5, 1938) 


In a recent article we described a simple procedure for the puri- 
fication of prothrombin (3). The product obtained was relatively 
stable and was water-soluble. On addition of thromboplastin 
and calcium, a powerful solution of thrombin formed. It 
is our experience, however, that on addition of calcium alone the 
conversion of prothrombin into thrombin is highly incomplete. 

The thrombin solution obtained on mixing prothrombin, cal- 
cium, and thromboplastin is centrifuged and then precipitated 
and dried by the addition of acetone. Thrombin, being water- 
soluble, can then be extracted from the precipitate, leaving be- 
hind a number of impurities which are rendered insoluble by the 
acetone. Additional impurities can be removed by addition of 
dilute acetic acid to the extract. The thrombin is then reprecipi- 
tated with acetone and dried. 


EXPERIMENTAL 


In our earlier experiments we used cephalin as a source of 
thromboplastic activity. This substance has the advantage over 
simple organ extracts in that its composition is understood, and 
it can be prepared in a reasonable state of purity. However, we 
found that with cephalin the conversion of prothrombin into 
thrombin is usually incomplete, and always requires many hours 
during which much of the thrombin formed disintegrates. Crude 
organ extracts, on the other hand, contain thromboplastin in a 
rapidly acting form, but they also contain substances which 


* Aided by a grant from the John and Mary R. Markle Foundation. 
Funds for a technical assistant were supplied by the Graduate College, 
State University of Iowa. 
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destroy thrombin. We have attempted to separate the thrombo- 
plastic material from the antithrombic substances. The throm- 
boplastin of lung can be precipitated with acids (Mills (2)). 
Using a salin® extract of fresh ox lung, we have separated the 
thr ory Supiastie «naterial by precipitation with dilute acetic acid. 
Tre pr duct is largely free of antithrombin. Admittedly, it does 
not react as premptly as before precipitation, yet its action is 
more rapid and complete than that of cephalin. 

Prepa-ation of Thromboplastin—As 4 preliminary step, a crude 
extract of beef lung is prepared as previously described (4). To 
10€ gm. of fresh ground beef lung add 100 cc. of NaCl solution 
(0.9 per cent). Place in the ice bx and stir at intervals during 
the next 24 hours. Centrifuge. Dilute 10 cc. of the clear super- 
natant fluid with 90 cc. of water. Add 2 cc. of 1 per cent acetic 
acid. The precipitate is washed twice in 40 cc. of distilled water. 
The pH of the last wash water is about 6.5 to 7.0, though we have 
made no effort to control this. If the precipitate is then extracted 
with saline at pH 7.3, active thromboplastin dissolves, and this 
can be used for the conversion of the purified prothrombin into 
thrombin. However, to avoid excessive dilution, we make it a 
practice to add the moist precipitate to the prothrombin-calcium 
solution. Undissolved material is removed by the centrifuge 
after the prothrombin conversion is completed. 

Conversion of Prothrombin into Thrombin—Prothrombin is 
purified as previously described (3), though on a somewhat larger 
seale. To 1.5 liters of oxalated beef plasma add 15 liters of cold 
distilled water and 1 per cent acetic acid until the pH is 5.3. The 
precipitate from the cold mixture settles within 2 to 3 hours. It 
is removed and dissolved in 400 to 500 cc. of oxalated saline. 
Insoluble protein is discarded. The solution is mixed with 100 
to 125 ec. of Mg(OH):2 suspension. The adsorbed prothrombin 
is liberated in water by the aid of CO,. When this crude pro- 
thrombin solution is dialyzed at 5° for 24 to 48 hours against 
repeated changes of distilled water, a considerable amount of 
inert material precipitates out and is discarded. Further purifi- 
cation is effected by the addition of 1 per cent acetic acid in the 
cold until the pH is brought to 5.3. Most of the prothrombin 
precipitates, and is then collected and dissolved in 30 to 40 ce. 
of 0.9 per cent NaCl and 0.15 per cent Ca(NO;)2. The pH is 








Se- oOo f@ Ff & 


Co @& 














Seegers, Brinkhous, Smith, and Warner 93 


adjusted to 7.0 to 7.2 with the aid of 0.1 N NaOH and phenol red. 
To the solution is now added the thromboplastin precipitate 
prepared as above from approximately 10 gm. of fresh beef lung. 

The rate at which prothrombin is converted into thrombin de- 
pends upon factors not yet wholly understood. With suitable 
mixtures of plasma and crude lung extract, conversion is complete 
in 1 to 2 minutes. Our purified prothrombin appears to be some- 
what less reactive, for, when mixed with crude lung extract and 
calcium, a period of 5 to 10 minutes must be allowed to effect 
complete conversion. With thromboplastin purified as above, 
the conversion is still slower. 50 per cent is converted in about 20 
minutes, and 2 hours are needed for complete conversion. There 
is no loss of thrombin if an extra hour or two are allowed. The 
slow conversion is no doubt due in part to the relative insolubility 
of the purified thromboplastin. The conversion, though slow, 
is nevertheless more complete than with cephalin, and the reagents 
are almost entirely free of antithrombin, an obvious advantage 
over using crude saline organ extracts. 

Purification of Thrombin—The above thrombin solution is 
chilled and treated with 3 volumes of cold acetone. The precipi- 
tate, which is largely free of electrolytes, is separated in the centri- 
fuge and is partially dried by treatment with absolute acetone. 
Drying is continued for 5 to 10 minutes in vacuo. Some inert 
material is rendered insoluble, but the thrombin can be extracted 
with the use of about 40 cc. of water. It is important to break 
up all small particles. To the extract add acetic acid (about 3.2 
ec. of 0.25 per cent) until the pH is 5.3 to 5.0. Centrifuge and 
discard the precipitate. There is some advantage in adding the 
acetic acid in three stages, and centrifuging after each addition. 
Coprecipitation apparently is reduced. From about pH 5.5 to 
5.0 there is very little precipitation. The solution is then treated 
with acetone, as above, and dried in vacuo. A gray-white, amor- 
phous, water-soluble product is obtained. The yield is 6 to 20 
mg. from 1.5 liters of oxalated plasma. 

Properties of Thrombin Preparation—The bioassay technique of 
Warner, Brinkhous, and Smith (4, 5) was used. 1 unit of throm- 
bin is that amount which will clot 1 cc. of fibrinogen solution in 
15 seconds. The clotting mixture contains 2 per cent acacia to 
provide colloid and to stabilize the clotting mechanism (4). It 
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contains 0.9 per cent NaCl. The pH of all reagents was adjusted 
to 7.1 to 7.3, and the temperature was 26-29°. 

Apparently the dried thrombin retains its activity indefinitely. 
The same is true of thrombin solutions preserved at —35°. At 
2°, 20 to 40 per cent of the activity is lost in 2 weeks. At room 
temperature bacterial growth may play a réle in destroying 
thrombin. There is practically no loss in 12 hours, but within 3 
days somewhat more than half of the activity disappears. 

The thrombic activity of different preparations varies somewhat 
from one case to another, but the variations are not extreme. 
The most potent preparation thus far obtained showed 540 
thrombin units per mg. of dry material. Values of 300 to 500 
units per mg. are usually obtained. Using the assay method of 
Mellanby (1), we find that 0.0018 mg. of our most potent prepara- 
tion clots 1 cc. of oxalated beef plasma in 30 seconds. The product 
is thus about 5 times as potent as that obtained by Mellanby. 

The oxalated beef plasma from which our thrombin is prepared 
contains large amounts of oxalate solution, and because of this 
dilution the potential thrombin obtainable is only about 200 units 
per cc. of plasma. From each liter of this plasma we obtain 
about 4 to 15 mg. of purified thrombin, indicating a yield of about 
1 to 5 per cent. 

The most highly potent preparation of prothrombin thus far 
prepared in this laboratory has a titer of 151 units per mg. of dry 
material. Dry thrombin prepared from it contains 300 to 540 
equivalent units per mg. One might assume from this that there 
is cleavage of the prothrombin molecule when thrombin forms. 
On the other hand, prothrombin is brought down in the precipitate 
which forms at pH 5.3, and no doubt impurities accompany it. 
These impurities are eliminated when thrombin is treated in this 
way, for thrombin is soluble at this pH. 


SUMMARY 


A procedure is described for the preparation of thrombin from 
ox plasma. Prothrombin is first prepared by the method pre- 
viously described. It is converted into thrombin by the addition 
of calcium and thromboplastin which has been freed of antithrom- 
bin. For purification, the thrombin mixture is largely freed of 
electrolytes by acetone precipitation and drying. Thrombin is 
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then extracted from the precipitate with water. Impurities are 
precipitated from the aqueous solution with acetic acid. Throm- 
bin is then precipitated and dried with acetone. The final 
product is a gray-white amorphous powder which is highly soluble 
in water. It contains 300 to 540 thrombin units per mg. of dry 
material. 
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HEPATIC KETOGENESIS AND KETOLYSIS IN 
DIFFERENT SPECIES 


By PHILIP P. COHEN anp IRENE E. STARK 


(From the Department of Physiological Chemistry, University of 
Wisconsin, Madison) 


(Received for publication, June 20, 1938) 


It is generally agreed that in the animal body the liver is the 
chief site of ketogenesis (1-4). Ketolysis, on the other hand, 
has been claimed to be chiefly an extrahepatic function (3-9). 

Jowett and Quastel (4) reported that rat liver slices were 
capable of destroying ketone bodies under aerobic conditions, an 
effect which they found was inhibited by malonic acid. This 
finding has been confirmed by Edson and Leloir (7) and Stark and 
Cohen (10). 

The monkey, as well as man, develops a ketosis rapidly and 
readily in contrast to many other species, such as the rat, rabbit, 
and guinea pig. We were led to investigate the rates of hepatic 
ketogenesis and ketolysis in the well fed and fasted rat, rabbit, 
guinea pig, and monkey as a possible basis for explaining this 
species difference. 


Methods 


Liver slices from healthy well fed and fasted male white rats, 
rabbits, guinea pigs, and Macacus rhesus monkeys were used in a 
Barcroft-Warburg apparatus. The fasting period was 24 hours 
except in the case of the rabbits which were fasted for 36 hours. 
The liver slices, 10 to 20 mg. of dry weight, were immersed in a 
Ringer-phosphate buffer solution of pH 7.4, to which was added 
the substrate previously neutralized to the same pH. The flasks 
were filled with pure oxygen and shaken for 1 hour at 38°. 

Sodium butyrate made up to give a 0.01 m concentration was 
used as a substrate for determining the rate of ketogenesis. So- 
dium acetoacetate, prepared according to Ljunggren (11), and 
freed of methyl alcohol, was used as substrate in determining the 
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rate of ketolysis. Acetoacetic and 8-hydroxybutyric acids were 
determined at the end of the experimental period. 

Edson’s (12) method of filtrate preparation and acetoacetic 
and 8-hydroxybutyric acid determinations was used with slight 
modifications. Control experiments, to which no substrate was 
added, were run in all cases and treated similarly to the non-con- 
trol experiments. Sodium acetoacetate solutions were freshly 
prepared on the day previous and the strength of the solution 
determined in quadruplicate on the day it was used as substrate. 
The concentration of acetoacetic acid used as substrate was be- 
tween 0.006 and 0.008 m in the different experiments. Liver 
glycogen determinations, by the combined methods of Good, 
Kramer, and Somogyi (13) and Somogyi (14), were made in order 
to check the nutritional state of the animals. 


Procedure 


Four differential manometers and eight flasks were set up to 
permit measuring the rate of ketogenesis, ketolysis, spontaneous 
ketogenesis (no substrate added), and oxygen consumption, liver 
slices from a single animal being used. 

At the end of 1 hour of shaking at 38° the flasks were removed 
from the water bath and placed in an ice bath for 20 minutes to 
insure condensation of volatile products. The liver slices were 
then removed and washed thoroughly with fine streams of dis- 
tilled water. The washings and the flask contents were combined 
and treated with Ca(OH), and CuSO, to give a protein- and carbo- 
hydrate-free filtrate. Acetoacetic and 8-hydroxybutyric acids 
were determined on these filtrates. 


Units 
4QO; = ¢.mm. of oxygen consumed per mg. of tissue (dry 
weight) per hour in the experimental flask 
(substrate present) over an equal weight of 
tissue in the control flask (no substrate present) 


QAcOAc =ec.mm. of CO, equivalent to acetoacetic acid 
formed per mg. of tissue (dry weight) per hour 
QBOH = ¢.mm. of CO, equivalent to 8-hydroxybutyric acid 


formed per mg. of tissue (dry weight) per hour 
QKet = sum of QAcOAc and QBOH 
QAcOAc (theoretical) = ec.mm. of CO, equivalent to acetoacetic acid 
added initially per mg. of tissue (dry weight) 
—QAcOAc = difference between QAcOAc (theoretical) and 
QKet at end of 1 hour 
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Results 


In this study seven guinea pigs, ten rats, six rabbits, and three 
monkeys were used. Tables I through IV are combined protocols 
of typical experiments on a well fed and fasted animal of each 
species. Tables V to VII represent a compilation of the averages 
of all experiments. 

The rate of spontaneous ketogenesis (no substrate added) in 
fasted and well fed animals is seen in Table V. It is apparent that 


Taste I 


Combined Data from Typical Experiments on Hepatic Ketogenesis and 
Ketolysis in Well Fed and Fasted Rat 


The final concentration of butyrate was 0.01 m; of acetoacetate, 0.007 m. 











| | | 4 
Substrate | Condition | 400, |@AcOAe| QBOH | QKet “ito | 2 
Butyrate Well fed | —3.91 | 3.57 | 4.24 7.81 
3.40 | 4.70 8.10 
Fasted —3.04 | 5.88 | 2.92 | 8.80 
6.20 | 3.10 | 9.30 
Acetoacetate | Well fed | +0.65 | 12.40 | 4.33 | 16.73 | 19.75 | 3.02 
19.25 | 4.00 | 23.25 | 27.44 4.19 
15.05 | 3.70 | 18.75 | 21.00 | 2.25 
Fasted —0.84 | 13.15 | 6.40 | 19.55 | 20.7 1.15 
23.40 | 5.40 | 28.80 | 29.91 1.11 
15.10 | 7.16 | 22.26 | 22.70 | 0.44 
None Well fed 0.78 | 1.36 2.14 
0.90 | 2.25 | 3.15 
Fasted 1.35 | 2.49 | 3.84 
1.37 | 2.85 | 4.22 


























fasting results in a considerable increase in ketone body formation 
in all four species. 

The rate of ketogenesis from butyric acid in fasted and well fed 
animals is seen in Table VI. In all four species there was an ap- 
parent higher rate of ketogenesis in the case of the fasted animals, 
although the increase is marked only in the case of the rabbit. 
This may be related to the fact that the rabbits were fasted for 
36 hours, whereas the other species were fasted 24 hours. 

Edson (12) has reported increases in QAcOAc of approximately 
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double the normal with liver slices from fasted rats in the pres- 
ence of butyric acid. Jowett and Quastel (15) on the other hand 
have reported slight but significant increases in QAcOAc in the 
case of liver slices from fasted guinea pigs in the presence of 
butyric acid. 

It is to be noted that the QBOH values in all instances are 
approximately equal to the QAcOAc values. This is in con- 
firmation of Jowett and Quastel (16) and emphasizes the need for 


TasBie II 


Combined Data from Typical Experiments on Hepatic Ketogenesis and 
Ketolysis in Well Fed and Fasted Guinea Pig 


The final concentration of butyrate was 0.01 m; of acetoacetate, 0.006 m. 














° 
Substrate | Condition | 490, |QAcOAc| QBOH | QKet — g 
retical) ° 
| 
Butyrate Well fed | —2.57 | 1.83 | 2.09 3.91 | 
1.86 | 1.73 3.59 
Fasted —1.91 2.28 | 2.32 4.60 
1.33 | 3.13 4.46 
Acetoacetate | Well fed | +0.19 | 6.95 | 2.69 9.64 | 12.29 | 2.65 
7.35 | 2.69 | 10. 12.68 | 2.64 
7.38 | 2.41 9.79 | 11.27 1.48 
7.46 | 4.07 | 11.53 | 14.36 2.83 
Fasted —0.28 | 13.80 | 3.72 | 17.52 | 17.85 | 0.33 
12.70 | 4.36 | 17.06 | 17.92 | 0.86 
11.65 | 3.98 | 15.63 | 16.80 1.17 
11.25 | 2.93 | 14.18 | 14.65 | 0.47 
None Well fed 0.44 | 0.67 1.11 
0.84 | 0.76 | 1.60 | 
Fasted 1.46 | 1.73 3.19 
1.20) 1.56 2.76 




















determining both QBOH and QAcOAc where a measure of keto- 
genesis is desired. 

The AQO;, values for rat and guinea pig liver in the presence of 
butyrate are in agreement with those previously reported by 
Cohen (17), Edson (12), and Jowett and Quastel (15, 16). 

The rate of hepatic ketolysis in fasted and well fed animals is 
seen in Table VII. It is seen from these data that the well fed 
rat, rabbit, and guinea pig have a considerable capacity for de- 
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Combined Data from Typical Experiments on Hepatic Ketogenesis and 
Ketolysis in Well Fed and Fasted Rabbit 
The final concentration of butyrate was 0.01 m; of acetoacetate, 0.007 m. 




















Substrate Condition | 4Q0 | QAcOAc 
‘aks ee 

Butyrate Well fed | —2.17 | 2.72 
| 2.91 

Fasted —4.32 | 3.80 

4.29 

Acetoacetate | Well fed | —0.52 | 4.89 
| 4.82 

| | 3.92 

5.70 

Fasted | —0.90 | 11.10 

11.03 

None Well fed | 0.74 
| | 0.73 

Fasted | 1.54 

| | 1.67 

Tasie IV 


| 


el QKet 
2.82 5.54 | 
3.30 6.21 
4.06 7.86 
3.15 7.44 
3.98 8.87 
3.73 8.55 
4.77 | 8.69 
4.40 | 10.10 
2.73 | 13.83 
2.50 | 13.53 
0.28 1.02 
0.45 1.18 
1.17 2.71 
1.09 2.76 
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13.32 
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Combined Data from Typical Experiments on Hepatic Ketogenesis and 


Ketolysis in Well Fed and Fasted Monkey 


The final concentration of butyrate was 0.01 m; of acetoacetate, 0.007 m. 





Substrate | Condition | 400, | QAcOAc 





of ani 
Butyrate Well fed | —4.57 | 2.94 
2.72 
Fasted —4.45 | 3.16 
2.92 
Acetoacetate | Well fed | —0.10 | 12.80 
14.75 
Fasted —0.40 |} 6.32 
5.97 
5.56 
6.95 
None Well fed 1.21 
1.14 
Fasted 0.90 
1.10 














QBOH | QKet 
4.09 | 7.03 
3.01 5.83 
4.39 | 7.55 
4.42 | 7.34 
4.12 | 16.92 
1.53 | 16.28 
5.63 | 11.95 
5.36 | 11.33 
5.82 | 11.38 
4.90 | 11.85 
0.77 1.98 
1.33 | 2.47 
2.07 | 2.97 
2.24 | 3.34 











oC 
QAcOAc $ 
(theo- 2 
retical) ° 

i 
17.75 0.83 
16.80 0.52 
11.80 | +0.15 
11.86 0.53 
11.65 0.27 
11.60 | +0.25 






















































































102 Hepatic Ketogenesis and Ketolysis 
TaBLeE V § 
Spontaneous Ketogenesis (No Substrate) § 
QAcOAe | QBOH | QKet x 
PDMS S doce ce cccescasvccess 0.88 1.52 2.40 } 
Ne 4 Sn Eh 1.83 2.19 4.02 
Nowmel rabbit.................... 0.76 | 0.62 1.38 s] 
Fasted og? ee ee 1.51 1.02 2.53 
Normal guinea pig............ be 0.74 0.58 1.28 o 
Fasted “4 Ne Ea oe Ko Nani 1.43 1.32 2.75 
Normal monkey................... 1.17 1.05 2.22 de 
gr > ean ee 1.00 | 2.13 3.13 w 
oe eT ae } ne 
Taste VI | gt 
Ketogenesis from Butyric Acid (0.01 m) lin 
4Q0: | @AcOAc | QBOH | QKet 
| —-_ ar 
OS EES oe ee Oe eee —4.66 4.10 4.27 | 8.37 | + 
ee aera -3.07 | 5.10 | 4.07 | 9.17 | iy 
Normal rabbit.................... —2.61 2.78 2.81 5.59 eq 
Fasted mn CET CE PLLETEEE Ee —3.76 4.54 3.45 7.99 (18 
Normal guinea pig................ —2.35 1.99 1.82 3.81 : 
nl ea ae -1.91 | 2.14 | 2.26 | 4.40 sli 
Normal monkey.................. —4.57 2.83 3.55 6.38 wo 
TN —4.45 | 3.04 4.40 | 7.44 lic 
a me 
Tasie VII (18 
Ketolysis of Acetoacetic Acid (0.0060 to 0.0080 m) con 
a oa pre 
AQO: | QBOH —~QAcOAc 
A Ae Bo the 
NOI, Sls ons deans oo <b gnc +0.46 4.01 3.15 ani 
RE be LAE Ba th fal -1.11 7.28 0.80 to | 
t Normal rabbit.................... —0.43 3.88 3.92 1 
; Fasted | RS TE, aaa —0.65 3.27 0.65 ket 
i Normal guinea pig............... +0.19 3.65 2.30 ' 
. ee eee —0.28 3.75 | 0.63 fast 
Normal monkey................... —0.10 3.07 0.68 the 
i —0.40 5.43 0.10 © fast 
eo rate 
stroying acetoacetate other than by conversion to §-hydroxy- " 
e 


butyric acid. The percentage destruction in these instances is 
of the order of 14, 25, and 20, respectively, for the above three keer 
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species. These values are in reasonable agreement with those of 
Snapper and Griinbaum (6) for perfused dog liver, which showed 
about 15 per cent destruction. The —QAcOAc values for rat 
and guinea pig are considerably higher than those reported by 
Edson and Leloir (7) and Quastel and Wheatley (8). 

The most striking thing in these data is the inability of liver 
slices from a well fed monkey to destroy appreciably acetoacetic 
acid. 

In the case of liver slices from fasted animals, there is a marked 
decrease in ketolytic activity with the rat, rabbit, and guinea pig, 
while monkey liver shows but a slight decrease. It should be 
noted, however, that liver slices from fasted rats, rabbits, and 
guinea pigs show a capacity for ketolysis about equal to that of 
liver slices from a well fed monkey. 

The AQO, values for liver slices in the presence of acetoacetate 
are very low and in two instances are actually positive. The 
+AQO,; values imply that the rate of oxygen consumption by 
liver slices in the presence of acetoacetate is less than that of an 
equal weight of liver slices without any added substrate. Stéhr 
(18) has reported a decrease in QO, values in rat liver and kidney 
slices in the presence of acetoacetate. Earlier work by Wiggles- 
worth (19) showed an increase in oxygen consumption by liver 
slices in the presence of acetoacetate. He interpreted this to 
mean an oxidative destruction of acetoacetate. While Stohr 
(18) could not establish a significant difference between the oxygen 
consumption of liver slices from well fed and fasted rats in the 
presence of acetoacetate, it would appear from Table VII that 
there is a small increase in AQO, with liver slices from the fasted 
animals as compared with the normals. The increase appears 
to be marked only in the case of the fasted rat. 

Table VIII shows the effect of fasting on ketogenesis and 
ketolysis. The values are the differences between the normal and 
fasted animals. It appears from Table VIII that in the case of 
the rat and guinea pig there is a greater increase in ketogenesis on 
fasting in the absence of substrate than in the presence of buty- 
rate. This would imply that liver slices from fasted rats and 
guinea pigs oxidize less butyric acid than those of normal animals. 
The lowered AQO, (Table VI) values in these instances are in 
keeping with this. It is possible that the rapid production of 
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ketone bodies by spontaneous ketogenesis in these fasted animals 
has an inhibitory effect on the butyric acid oxidation. It is to be 
noted that the liver slices from the fasted rabbit on the other hand 
oxidize more butyric acid than the normal. The AQO, is also 
increased in this case (Table VI). The difference in the ability 
of liver slices from fasted rabbits, as compared to fasted rats and 
guinea pigs, to oxidize butyric acid may be due to the longer fast- 
ing period in the case of the rabbit. It is conceivable that the 
liver of the rabbit fasted for 36 hours has used up a larger portion 
of its metabolites including fat. This is supported by the lower 
level of spontaneous ketogenesis of the fasted rabbit as compared 
with the fasted rat and guinea pig (Table V). It follows that 
butyric acid when added to liver slices from the fasted rabbit will 
be more readily oxidized both because of the depletion of other 








Tasie VIII 
Effect of Fasting on Ketogenesis and Ketolysis 
K K 
(noesbetrate) | (butyrate) | 40AcOAe 
RHEL SUE Doe oVdaethdeeVetse’ +1.62 +0.80 —2.35 
Be ch. UME Lada. . wind +1.15 +2.40 —3.27 
I in Fie pare nactines swecesyere +1.47 +0.59 —1.67 
ee +0.91 | +1.06 —0.58 








substrates and the presence of a smaller concentration of spon- 
taneously produced ketone bodies, which act as an inhibitor of 
the butyrate oxidation. 

In the case of the monkey, the rate of ketogenesis in the pres- 
ence of butyrate is of about the same order as the rate of spon- 
taneous ketogenesis in the fasted animal. Thus in this case 
butyrate is oxidized at about the same rate. The AQO, values 
are in support of this (Table VI). 

The decrease in ketolytic power on fasting is seen in the third 
column of Table VIII. It is apparent that with the exception of 
the monkey, the decrease in ketolytic capacity on fasting is of 
such a magnitude as to account for more than the increase in 
ketogenesis. It is of interest to note that the greatest decrease 
in rate of ketolysis with fasting (rabbit) is associated with the 
greatest increase in ketogenesis from butyric acid. In the case 
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of the monkey, the decrease of ketolysis with fasting is slight as 
would be expected from the fact that the normal liver has but a 
very limited ketolytic capacity. 

Table IX gives glycogen values for the well fed and fasted rat 
and monkey. It is to be noted that at the time of introduction 
to the flasks, the glycogen value of the liver slices from the well 
fed monkey is quite high (3.20 per cent). Thus the failure of 
normal monkey liver to break down acetoacetate cannot be due 
to a low liver glycogen. 


Taste IX 
Per Cent Glycogen in Rat and Monkey Liver 





Normal | Fasted 





Mon- Mon- 
Rat | key Rat key 





Remodiately on death.............:.scssseces 4.09 | 5.09 | 0.55 | 0.37 
At time of introduction of slices to flasks, us- 
ually 45 to 60 min. after death........ 








1.97 | 3.20 | 0.43 | 0.33 





DISCUSSION 


Quastel and Wheatley (8) and Edson and Leloir (7) using liver 
slices from normal animals have reported much lower rates of 
hepatic ketolysis than those reported here. The rates reported 
by these workers in the case of normal rat and guinea pig are of 
the order reported here for fasted animals. A possible explana- 
tion for the differences resides in the fact that these workers em- 
ployed a bicarbonate-buffer system in their experiments, whereas 
a phosphate-Ringer’s solution buffer system was employed by us. 
Ciaranfi (20) studying the metabolism of butyric acid and ketone 
bodies in guinea pig liver slices reported that in the presence of 
phosphate-Ringer’s solution there is a considerably greater oxida. 
tion of butyric acid and breakdown of acetoacetate than in the 
presence of bicarbonate-Ringer’s solution. On this basis one 
might speculate that a phosphorylation mechanism may be in- 
volved in hepatic ketolysis. 

The failure of liver slices from a well fed monkey to destroy 
ketone bodies to any appreciable extent, as compared with the 
other three species, is difficult to explain on any other basis than 
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a species difference. It is well known that there is a marked 
difference between Primates and the lower species in their sus- 
ceptibility to a ketosis (21-23). Whether or not this difference 
in hepatic ketolysis is part of the explanation for the difference in 
susceptibility to a ketosis between the species is difficult to say. 
The large amount of work with various techniques showing the 
extrahepatic tissues, especially the muscles and kidneys (3-9), 
to be much more active ketolytically than the liver is very con- 
vincing. However, it is conceivable that hepatic ketolysis can 
keep pace with hepatic ketogenesis, within broad limits in the 
case of the rat, rabbit, and guinea pig, and very narrow limits in 
the case of the monkey, and so serve to keep the level of keton- 
emia low. The lowering of liver glycogen, as by fasting, would 
result early in a ketonemia in the case of the monkey, and only 
late in the case of the other three species, because of the differ- 
ences in their capacity for hepatic ketolysis. 

The relationship between fasting and hepatic ketolysis would 
seem to implicate liver glycogen as the most important factor. 
From the data presented here, it would appear that the increase 
in hepatic ketogenesis (spontaneous) with fasting is more than 
accounted for by a failure in hepatic ketolysis. The metabolic 
relationship between hepatic glycogen and ketolysis, however, is 
still obscure. The mechanism of ketolysis, especially in the 
kidney, has been studied by Edson and Leloir (7) and Quastel and 
Wheatley (8). The possible réle of the succinate system in the 
mechanism has been considered by both groups of the above 
workers but there is no basis as yet for stressing the importance 
of this system in explaining the ketolytic mechanism. The ob- 
served action of malonate on inhibiting the breakdown of aceto- 
acetate (4, 7, 10) is probably not entirely due to an inhibition of 
the succinate system. It is to be hoped that further investiga- 
tions on the intermediate stages of the ketolytic mechanisms will 
bring out the relationship between glycogen and ketolysis more 


clearly. 
SUMMARY 


1. Liver slices from a well fed monkey have a very low rate of 
ketolysis as compared with liver slices from well fed rats, rabbits, 


and guinea pigs. 
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2. Liver slices from fasted rats, rabbits, and guinea pigs have 


very low rates of ketolysis, of about the same order as liver slices 
from a well fed monkey. Fasting in the case of the monkey re- 
sults in a slightly lower rate of ketolysis. 


3. The difference between the rates of hepatic ketolysis of the 


monkey and the other three species is discussed with relation to 
the differences in susceptibility to ketosis between the Primates 
and the lower species. 


ae 
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STUDIES ON PANCREATIC LIPASE 
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By L. RABINOWITCH anp A. M. WYNNE 


(From the Department of Biochemistry, University of Toronto, 
Toronto, Canada) 


(Received for publication, July 18, 1938) 


The question as to the existence of a coenzyme which is neces- 
sary for the activity of pancreatic lipase has, for many years, been 
a controversial one. Nearly 30 years ago Rosenheim (1) made 
certain observations which led him to suggest that such a coen- 
zyme may exist. By diluting a crude aqueous extract of pig 
pancreas with water he obtained a precipitate which was inactive 
toward olive oil but which acquired lipolytic power after the addi- 
tion of blood serum or a boiled and filtered portion of the original 
extract. Later investigators, including Umeda (2), Shaw-Mac- 
kenzie (3), Corran (4), Corran and Lewis (5), and Woodhouse (6), 
have studied the activation of similar precipitates. Umeda’s 
work pointed very strongly to the conclusion that the activations 
which he and previous workers observed were due merely to the 
buffering action of the added substances; subsequent workers, 
however, have very largely failed to explore this possibility, al- 
though Fine (7) has emphasized the probability that the influence 
of serum on enzymic activity is chiefly a function of its buffering 
capacity. Woodhouse, on the other hand, attributes the acti- 
vating effects of sera, urine; and ovarian fluid on “prolipase,”’ 
i.e. the washed enzyme, to the presence of a coenzyme in these 
substances. 

Since this use of the term coenzyme as applied tothe pan- 
creatic lipase system has been incorporated in the general enzyme 
literature (Tauber (8)), an attempt has been made in the pres- 
ent work (1) to determine whether there exists, in the case of this 
lipolytic system, a specific and indispensable activator or coen- 
zyme, and (2) to elucidate the cause of the activations which 
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undoubtedly occur when substances such as serum and boiled 
enzyme are added to the prolipase. The results indicate that 
pancreatic lipase does not require a specific coenzyme and that 
the observed activations are due mainly to the buffering capacities 
of the added substances. 


Methods and Results 


Enzyme Preparation—The following method is based on that of 
Woodhouse (6). 1 volume of minced pig pancreas was shaken 
with 2 volumes of distilled water for 2 hours at room temperature; 
the mixture was filtered through cheese-cloth and centrifuged at 
1500 r.p.m. for 3 minutes. The supernatant fluid was found to 
be very active lipolytically. To prepare prolipase, 1 volume of 
enzyme solution was diluted with 9 volumes of distilled water and 
several such dilutions were acidified with varying amounts of 
lactic acid; the pH of the different mixtures was measured and, 
after standing for 1 hour, the precipitates were separated and 
weighed. The greatest precipitation occurred at pH 2.9 to 3.0; 
the curve correlating pH and amount of precipitate dropped 
sharply on both sides of this optimum. Prolipase preparations 
were found by Woodhouse to be only slightly active toward olive 
oil; we have confirmed this result but have observed quite marked 
activity toward tripropionin. By washing the precipitate several 
times with water this activity could be considerably reduced, but 
in no case was it possible, even after several washings, to obtain 
a preparation which was completely inactive toward tripropionin. 

Preparation of Digestion Mizxtures—Each digestion mixture 
contained 10 cc. of substrate emulsion, 1 cc. of washed enzyme 
(prolipase) solution, activator or other substance under investi- 
gation, and CO,-free water to make a total volume of 50 cc. The 
substrate most frequently used was tripropionin; an emulsion was 
prepared by shaking 10 cc. (7.e. 10.8 gm.) of tripropionin in 50 ce. 
of 5 per cent gum acacia solution. When diluted to 50 ec. in the 
digestion mixture 10 ce. of this emulsion provided a concentration 
of tripropionin equivalent to 3.6 per cent. 

The analytical procedure was essentially the same as that de- 
scribed by Weinstein and Wynne (9). The titration figures in 
Tables I to VI represent the amount (cc.) of 0.05 N acid liberated 
in 50 ec. of digestion mixture. 
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Activation of Washed Enzyme—Preliminary experiments were 
conducted without reference to pH; the effects of added substances 
are illustrated by the results in Tables I and II. It should be 
stated that in the two sets of experiments, represented by Tables 
I and II, different enzyme preparations were used. The term 


Taste [| 


Hydrolysis of 3.6 Per Cent Tripropionin Emulsion by Washed Lipase (First 
Preparation) in Presence and Absence of Added Substances 








0.05 Nn acid liberated in 50 cc. digestion mixture 
































Time Washed enzyme plus 
Washed enzyme m — - r : — —_ 
dialyente quamene Giieente 1 oc. ox serum 

min. ec. ce. cc. % ee. 
5 1.80 2.80 2.50 2.75 
10 3.20 4.80 4.40 5.10 
15 | 4.20 6.55 6.05 6.75 

Taste II 


Hydrolysis of 3.6 Per Cent Tripropionin Emulsion by Washed Lipase (Second 
Preparation) 1 in Presence and Absence of Added Substances 


| 0.05 w acid liberated in 50 cc. digestion mixture 



































Washed enzyme plus 
j ——— = —— a 
Time | 2ce. glu- | 2ec. | 
ee | | 200. glu- | rete | phanvial- | ‘sineroles F co. 0.05m 
— gure | sol ye 7 7 lperesnt) dp lanine + tion (1 —s phosphate 
Mrs wid news be Tnated and (pH 6.8) 
ized neutralized 
min. cc. Prag ec. ce. ec. ec. ec. 
5 2.25 3.25 3.35 2.20 5.65 0.80 | 4.00 
10 4.10 7.00 6.85 4.05 9.95 1.40 7.50 
15 5.40 10.25 | 10.35 5.35 13.75 1.90 10.75 





enzyme dialysate refers to a solution obtained in the following 
manner. A fresh, active, aqueous extract of the gland was boiled 
and filtered; the filtrate was dialyzed against distilled water for 
three 8 hour periods, fresh distilled water being used each time. 
The total dialysate was concentrated at low temperature to a 
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volume equivalent to that of the original enzyme solution. The 
dialysate, as finally used, contained 7.05 mg. of inorganic phos- 
phorus and 7.1 mg. of amino nitrogen per cc.; its activating effect 
was found to be equivalent to that of the boiled and filtered en- 
zyme solution before dialysis. The results (Tables I and II) 
show that each of the substances, enzyme dialysate, ox serum, 
glutamic acid, phenylalanine, and phosphate buffer (pH 6.8), 
increased the activity of the washed enzyme toward tripropionin. 
Deamination of the two amino acids destroyed their activating 
power; deamination of the enzyme dialysate destroyed less than 
25 per cent of its activating power. 

To test the effect of phenylalanine on the hydrolysis of cod 
liver oil by the washed enzyme three digests were incubated for 
48 hours, after which the liberated acid was titrated. The initial 
concentration of the emulsified oil in each digest was 3.1 per cent; 
the other conditions were identical with those of previous exper- 
iments. The results reveal an effect of phenylalanine compara- 
ble with that observed by Woodhouse in the prolonged hydrolysis 
of olive oil in the presence of added serum or boiled enzyme. 





0.05 ~ acid liberated in 50 cc. digest 








Washed enzyme + 2 cc. 2ce : : 
, 4 . phenylalanine solution 
Washed ensyme me (or oe (1 per cent), no enayine 
ec. ce. cc. 
2.00 27 .80 1.50 





Hydrolysis of Tripropionin in Buffered Mixtures—The pH of 
four digestion mixtures, prepared as before except for the addi- 
tion of buffer, was adjusted to 6.8 by adding phosphate buffer. 
The results in Table III show that the initial velocities of hydroly- 
sis were unaffected, under the conditions of the experiment, by 
the filtrate from boiled enzyme and by ox serum. Egg albumin 
had a slight retarding effect. 


Change of pH in Absence and in Presence of Activator—Two° 


50 cc. digests were allowed to run for 48 hours: one contained 
washed enzyme and tripropionin emulsion; the other contained, 
in addition, 1 cc. of enzyme dialysate. At the times indicated in 
Table IV the total acid and pH were determined. 
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At the apparent isoelectric point of the washed enzyme (pH 2.9 
to 3.0) the activity of the system is very much reduced and at 
pH levels more acid than this it becomes almost negligible. The 
results in Table IV show that the effects of the enzyme dialysate 
are (1) to establish a less acid initial pH closer to the optimum 


Taste III 


Hydrolysis of 3.6 Per Cent Tripropionin Emulsion at pH 6.8 (Phosphate 
Buffer) in Presence and Absence of Added Substances 


0.05 zone liberated 




















in 50 oc. digestion 
mixture 
5 min. 10 min. 4 
ce. ce. 
Washed enzyme alone (1 cc.). ; | 2.95 4.65 
” ' + filtrate from boiled enzyme e(le ce. ). 3.05 4.70 
” “ei As Cte aie CGD sie sikn od. cs dtc we’ 3.00 4.60 
_ ‘+ 2% egg albumin solution (1 ce.)...) 2.55 4.00 








Tasie IV 


Buffering Action 7 wage Dictyeate in ) Ryevalyee of Tripreptenia 




















Washed enzyme Washed enzyme + enzyme muatand 
Time nag eran ™ — i 
4 ee ee 

min, ce. ce. 

0 4.75 5.95 
10 2.50 5.95 

30 5.30 9.75 
hrs. 

1 7.10 14.75 

24 16.50 3.05 33.50 3.20 
31 17.50 3.05 36.25 3.15 
48 17.50 3.05 37.00 3.05 














value, which is about pH 7 when phosphate buffer is used, and 
(2) to delay the time at which the acidity of the mixture reaches 
a level corresponding to pH 3.0 at which the activity is greatly 
diminished. A similar buffering effect of ox serum was observed 
in an experiment whose results are summarized in Table V. 
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TaBLe V 
Hydrolysis of Olive Oil 



























































By washed en-) py ox By washed en- 
syme alo: rang 1 
las alone (1 cc.) atten . 
0.05 n acid liberated in 50 cc. diges- | 
tion mixture in 48 hrs., cc...... 4.90 | 3.90 20.80 ‘ 
ET ep 3.55 | 4.55 
pH after 48hrs.... | 3.1 | 4.6 3.1 
Tasie VI t 
Comparative Activating Powers of Sera and Other Substances in Standard 
Tripropionin Digests s 
2 —————— ——————————— c 
Activator (1 cc.) 0.05 mod Bbecntad 
cc. ee 
; Control 1. No enzyme, 1 cc. ox serum............... 4.80 
7 WS St PPE SEPT rg Fm 16.30 t 
' ee cn cemeny oi ete 32.30 d 
t ID, Don vin duws cs USbameans' tees cccces 30.70 s 
i GR 29.50 I 
1 RS URS ir ae, ee 28.10 
if te atta an vances eshse a 4ear 26.25 
; EE oo cute nda GaN AUN OWSs oNea's cane ees 25.60 1 
ls le tb dn cea ceases eeured Beles 25.00 Z 
| it. Seon tees Uh sc 6Ulnassdvsesac teen ds 22.50 n 
Is 
Tasue VII . 
; t 
iF Comparative Buffering Capacities of Sera and Other Substances : 
| pH of soluti 
Added substance (1c. Bil gfeelation 0) 
Without added substance....................-...0-5- 2.97 : 
, I, SRE os als a ons Ub cb swicin tees edlileas 3.30 ri 
nn rethilits Fugees coe stosveveguesawewe revs 3.25 ‘ 
ee een ce edt ehasedtepeeeebsrneces 3.22 5, 
} eas edtisdl sakuteiworlss Beclas ce Cie. Senda 3.17 e 
! NR ls. Bas wii sidee ob ass sie debils ps caw 3.16 7 
j IEE ee re 3.16 8 
Hl a te a es cle alk 3.15 ; 
; nee tac teass stl soastenseseee ses 3.15 
9. 
tl 
is 
if 
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Comparative Effects of Different Activators in Relation to Their 
Buffering Capacities—In Table VI are shown the amounts of acid 
liberated in 72 hours in standard tripropionin digests to which 
were added 1 cc. portions of serum or other activator. Of the 
various sera examined, human serum had the greatest and dog 
serum the least activating effect. The buffering capacities of the 
substances were tested by measuring the pH of a series of solu- 
tions of propionic acid, each containing 1 cc. of activator; results 
were obtained of which those in Table VII are typical. The pH 
differences in several cases are insignificant but one can observe 
a general correlation between the order of the buffering capacities 
(Table VII) and that of the activating powers (Table VI) of the 
substances; enzyme dialysate, and human, rabbit, and horse sera 
occupy the top positions in both Table VI and Table VII. 


SUMMARY 


It is concluded that the activation of washed pancreatic lipase 
by blood sera and by the dialysate from boiled enzyme is largely 
due to their buffering capacities. A similar activation is ob- 
served on adding phosphate buffer or a single amino acid such as 
phenylalanine or glutamic acid. Destruction of the amphoteric 
character of the amino acids destroys their activating powers. 
The activating power of the thermostable substances in the en- 
zyme dialysate is only partially destroyed by nitrous acid treat- 
ment; the greater part of the activating power of such preparations 
is probably due to the buffering action of phosphates. The use 
of the term coenzyme to describe activators of this type is not 
justifiable, since there is no evidence to show that they are specific 
and indispensable. 
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THE EFFECT OF SUPPLEMENTARY LYSINE, METHIO- 
NINE, AND CYSTINE ON THE PRODUCTION OF 
FATTY LIVERS BY HIGH FAT DIETS 
CONTAINING GLIADIN 


By HELEN F. TUCKER* anp HENRY C. ECKSTEIN 


(From the Department of Chemistry, Skidmore College, Saratoga Springs, 
and the Department of Biological Chemistry, Medical School, 
University of Michigan, Ann Arbor) 


(Received for publication, July 20, 1938) 


In a recent paper (1), it was shown that the total lipid content 
of rat livers was 41 per cent less when a diet containing 5 per 
cent casein, 40 per cent lard, and 0.5 per cent methionine was fed 
than when the methionine was omitted. When the added meth- 
ionine was replaced by cystine, the total lipid content of the rat 
livers was 57 per cent higher than when neither methionine nor 
cystine was added. The two sulfur-containing amino acids thus 
appeared to exert opposite effects on the deposition of fat in the 
livers of rats fed diets low in casein and high in fat. In this con- 
nection, it is to be noted that Best, Grant, and Ridout (2) have 
reported that a diet containing 10 per cent casein, 20 per cent 
gelatin, and 40 per cent beef drippings produced fatty livers in 
rats, whereas a similar diet containing 30 per cent casein and no 
gelatin did not. In view of the fact that gelatin contains rela- 
tively little methionine (3), the results of these investigations are 
now explainable on the basis of the low methionine content of the 
casein-gelatin diet and the higher methionine content of the casein 
diet containing the same percentage of total protein but no gela- 
tin. 

It seemed of interest to investigate further the effect of dietary 
methionine and cystine on liver fat when these amino acids sup- 


* Helen F. Tucker wishes to express her appreciation to the Horace H. 
Rackham School of Graduate Studies, University of Michigan, for guest 
privileges during the summers of 1937 and 1938. 
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plemented another type of protein. Gliadin was chosen because 
it is deficient in an amino acid. Casein is also inadequate for 
growth at the level fed (5 per cent), and its nutritive value for 
growth can be effectively increased by the addition of either cystine 
or methionine. Similarly, gliadin can be made more adequate 
for growth by the addition of lysine to the diet. Thus, it is not 
only possible to study the effects of cystine and methionine which 
do not improve the nutritive value of gliadin for growth, but also 
the effect of supplementary lysine which renders the protein more 
adequate for growth. The dihydrochloride of dl-lysine was used 
in place of the free amino acid. The gliadin was prepared accord- 


Taste | 
Experimental Diets 
All diets contained 2 per cent agar, 40 per cent lard, and 5 per cent salt 
mixture (5) in addition to the ingredients listed in the table. Each animal 
received one dried yeast tablet (400 mg.) and 1 drop of cod liver oil daily. 








Rist | india | tumose | tcomine | Meio | Gingdne | sane. | Hip em 
per cent per cent per cent per cent per cent mg. mg. 
1 18 35 493 365 
2 5 48 137 102 
3 18 33.37 1.63 493 365 
+ 5 47.5 0.5 637 102 
5 5 46 .23 1.77 137 102 
6 5 45.65 0.58 1.77 137 682 


























ing to the method of Nolan and Vickery (4). Analysis of the 
product obtained showed it to contain 13.8 per cent N calculated 
on the ash- and moisture-free basis. 

Male rats weighing approximately 150 to 175 gm. were used 
in all experiments, the duration of which was 17 to 18 days. The 
diets are shown in Table I, which also includes the contents of 
cystine and methionine in mg. per 100 gm. of food, as calculated 
on the basis that gliadin contains 2.03 per cent methionine and 
2.74 per cent cystine (6). The diets were essentially the same as 
those used in the previous investigation (1), except that gliadin 
was substituted for casein, and two levels of protein, 18 per cent 
(Diets 1 and 3) and 5 per cent (Diets 2, 4, 5, 6), were used. 0.58 
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per cent of dl-methionine was added to Diet 6 in order to raise the 
total methionine content to the same level as that of the 5 per cent 
casein plus 0.5 per cent methionine diet previously used (1). 
1.77 per cent of dl-lysine dihydrochloride was added to Diets 5 and 
6 in order to make the lysine content equivalent to that of Diet 3, 
which contained 18 per cent gliadin and 1.63 per cent of dl-lysine 
dihydrochloride. The analytical procedures were identical with 
those employed in the previous investigation (1). 

Table II gives the data for the individual animals, as well as the 
average results obtained by feeding the various diets. It is clear 
from a comparison of the results obtained when Diets 1 and 2 
were fed that the lipid content of rat livers increased when the 
methionine content of the diet was lowered, even though the con- 
tent of cystine was also decreased. Thus, on the 18 per cent gli- 
adin diet, in which the calculated methionine content was 365 mg. 
per 100 gm. of food, the average fat content of the livers was 7.3 
per cent, whereas in Diet 2 (5 per cent gliadin), in which the meth- 
ionine content was 102 mg. per 100 gm. of food, the average fat 
content was 33.8 per cent. 

Table II also shows that dietary lysine has little effect on the 
fat content of rat livers when the level of gliadin in the diet is 
either high (18 per cent) or relatively low (5 per cent). The aver- 
age value for the rats on the unsupplemented 18 per cent gliadin 
ration was 7.3 per cent, as compared with 6.5 per cent for the 18 
per cent diet supplemented with 1.63 per cent of dl-lysine dihydro- 
chloride. Ata 5 per cent level, the mean value was 33.8 per cent 
when the 5 per cent gliadin diet was supplemented with 1.77 per 
cent of dl-lysine dihydrochloride. 

The remainder of the data in Table II is concerned with the 
effects produced by supplementing the 5 per cent gliadin diet with 
methionine plus lysine and with cystine alone. The results show 
again the lipotropic action of methionine. A change from a 
methionine content of 102 mg. per 100 gm. of food in Diet 4 to 
682 mg. in Diet 6 produced a 77.5 per cent decrease in the fat 
content of the livers. Thus, the average value obtained when the 
diet contained supplementary methionine was 7.6 per cent, as 
compared with 33.8 per cent for the low gliadin diet without sup- 
plement. The influence of supplementary cystine was by no 
means similar to that observed in the previous investigation (1) 
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Amino Acids and Liver Fat 
Tasie II 
Total Lipid Contents of Livers of Rats on Gliadin Diets and Gliadin Diets 
Supplemented by Amino Acids 
The letter immediately following the number indicates the series of 
experiments. 
. } A Liver 
Diet No. | Rat No. | Changsin | daily food 
4 intake Weight | Per 100 em. | potal lipids 
¥ per cent gm. gm. gm. per cent 
t's 1 1A +8.5 8.4 6.7 3.7 6.8 
2A —20.7 5.0 4.5 3.7 5.1 
3A +1.3 7.6 7.0 4.6 10.0 
+ Average......... —3.6 7.0 6.1 4.0 7.3 
2 1B —4.4 8.0 8.5 4.9 25.5 
2B 0.0 11.3 11.1 6.5 39.8 
3B —2.1 10.5 8.7 5.0 22.0 
1C +3.6 11.0 14.0 8.2 37.8 
2C +1.0 11.4 10.5 7.0 37.3 
3C +4.6 10.2 14.6 8.0 40.5 
1E +10.1 11.3 9.1 5.2 34.5 
2E +7.7 11.6 9.2 5.5 27.5 
3E +3.1 10.6 13.7 8.3 35.1 
4E +6.3 9.3 12.1 7.2 38.4 
Average......... +2.5 10.4 11.1 6.6 33.8 
3 5A +10.7 8.5 5.7 3.2 7.2 
6A +6.3 7.8 7.1 4.2 5.4 
7A +17.2 10.0 7.3 3.5 6.8 
Average......... +11.4 8.8 6.7 3.6 6.5 
5 4B —6.0 10.0 7.7 4.9 28.1 
5B +5.0 10.9 11.9 7.1 42.3 
6B +3.6 10.1 8.6 4.3 17.0 
4C —3.1 9.7 11.4 7.4 38.6 
5C —9.1 4.6 9.3 6.7 35.7 
6C +2.2 12.1 13.3 7.3 41.7 
; Average......... —1.2 9.5 10.3 6.3 33.9 
' 
} 
t 
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Tasie IIl—Concluded 









































: Avena Liver 
Diet No. | Rat No. | hangsin | daily food |—— ——— — 
| | « intake Weight | Per 100 €™- | Total lipids 
| per cent gm. gm. gm. per cent 
4 | 18C —3.1 9.3 10.8 6.9 38.9 
14C +4.5 8.4 12.9 8.1 34.3 
15C —1.3 7.3 9.4 6.2 30.0 
16C +5.4 11.0 10.4 6.0 26.0 
17C —1.8 8.0 14.3 8.8 38.5 
18C +7.8 9.3 12.6 7.6 37.8 
7D 0.0 9.7 11.7 7.2 39.5 
8D +6.1 9.3 8.7 5.0 26.9 
9D +11.7 10.6 13.7 7.6 38.8 
5E +12.1 8.0 13.1 7.5 36.9 
6E +13.0 11.1 10.5 5.8 30.1 
7E +7.1 10.0 14.2 8.2 38.9 
Average......... +6.2 9.5 11.8 7.1 34.9 
6 8C +1.1 9.3 6.5 3.7 5.9 
9C +1.7 10.8 6.5 3.7 6.2 
10C +1.8 12.0 5.3 3.3 9.4 
12C +1.9 9.4 7.5 4.6 6.7 
4D —5.9 5.6 5.4 3.7 6.8 
5D +6.7 10.0 6.7 3.8 8.7 
ID +6.5 6.9 6.0 | 3.6 8.8 
Average......... | +2.0 | 89 | 62 | 3.7 7.6 





when casein was used. The average value for the rats receiving 
the 5 per cent gliadin diet supplemented by cystine was 34.9 
per cent, as compared with 33.8 per cent in Diet 4, in which the 
addition of cystine was omitted. This represents a negligible 
increase. On the other hand, when casein was the source of diet- 
ary protein, a 0.5 per cent supplement of cystine produced a 57 
per cent increase in the fat contents of the livers (1). The 5 per 


cent casein diet supplemented with 0.5 per cent of cystine con- 
tained 566 mg. of cystine and 177 mg. of methionine per 100 gm. 
of food, as compared with 637 mg. of cystine and 102 mg. of 
methionine in 100 gm. of the diet containing 5 per cent gliadin plus 
0.5 per cent of cystine. 


If the effects of cystine and methionine are 
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quantitative, more fats should have been found in the livers of 
the rats on the gliadin diet supplemented with cystine, because, 
as noted above, such a ration contains more cystine and less 
methionine than when casein is supplemented with cystine. It 
is, of course, possible that other amino acids exert the same effects 
as cystine and methionine, and it is, therefore, evident that more 
information is needed. 

After the completion of the experimental work and the pre- 
paration of this paper, Channon and coworkers reported experi- 
ments bearing directly on this problem. In confirmation of the 
work of Tucker and Eckstein (1), the formation of fatty livers 
could be prevented by supplementing a diet containing 5 per cent 
ovalbumin and 40 per cent beef drippings with 0.5 per cent meth- 
ionine (7). In a second paper, they reported that the production 
of fatty livers could be prevented by supplementing a diet con- 
taining 8 per cent casein and 39 per cent beef drippings with pro- 
teins (8). The lipotropic action was found to vary with the sup- 
plementary protein employed. From their data it appears that 
this action was related to the methionine content of the supple- 
ments. These supplementary proteins may be arranged in the 
order of their effectiveness as follows: casein, ovalbumin, fibrin, 
gliadin, and gelatin. This effectiveness is roughly proportional 
to the methionine content of these proteins (6). However, 
ovalbumin, which contains somewhat more methionine than does 
casein, is slightly less effective in its lipotropic action than is 
casein. 


Helen F.. Tucker wishes to thank the Committee on Therapeutic 
Research, American Medical Association, for a grant to her which 
made possible the conduct of this work. 


SUMMARY 


1. The total lipid content of rat livers increased from 7.3 per 
cent to 33.8 per cent when the gliadin content of a high fat diet 
(40 per cent lard) was decreased from 18 to 5 per cent. 

2. The addition of lysine to a high fat diet (40 per cent lard) 
containing either 5 or 18 per cent of gliadin had little, if any, effect 
on the fat content of rat livers. 
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3. The total lipid content of rat livers was 77.5 per cent less 
when a 5 per cent gliadin diet containing 40 per cent lard was 
supplemented with methionine than when the methionine was 
omitted. 

4. The addition of cystine to a diet containing 40 per cent lard 
and 5 per cent gliadin had little, if any, effect on the total lipid 
contents of rat livers. 
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AUCUBA MOSAIC VIRUS PROTEIN ISOLATED FROM 
DISEASED, EXCISED TOMATO ROOTS GROWN 
IN VITRO 


By W. M. STANLEY 


(From the Department of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton) 


(Received for publication, August 6, 1938) 


Excised tomato roots can be grown for potentially unlimited 
periods of time in a liquid medium of known constitution (1). 
When roots for such cultures are obtained from plants systemically 
infected with tobacco mosaic or aucuba mosaic virus, they grow 
as readily as do healthy roots and, although the roots exhibit no 
obvious symptoms, it can be shown that the virus multiplies at 
a rate paralleling that of the host tissue (2). Such roots are free 
from chlorophyll and present, in this and other respects, a much 
simplified physiology as compared with that of the tissues usually 
employed as sources of virus. The increase of tobacco mosaic 
virus in tissues apparently free of chlorophyll has also been re- 
ported by Holmes (3). The virus is apparently unaltered by 
cultivation in isolated roots, for the symptom-complex produced 
in plants inoculated with virus that had been carried through 
twenty passages in such roots did not differ from that produced 
by the virus at the start of the experiment (2). This paper reports 
some results of investigation of certain properties of virus protein 
produced under these simplified conditions. Excised tomato roots 
diseased with aucuba mosaic virus and grown in vitro were ex- 
amined for the presence of the virus protein of high molecular 
weight previously isolated from the leaves of diseased plants (4). 
The rapid and efficient method of differential centrifugation (5) 
was used and the properties of the protein of high molecular weight 
found in the diseased roots were compared with those of aucuba 
mosaic virus protein obtained from leaves. A comparison of the 
total nitrogen, protein nitrogen, and virus protein nitrogen con- 
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tents of the juice from the tomato roots grown in vitro with those 
of the juices from the leaves, stems, and roots of normal tomato 
plants and of diseased tomato and Turkish tobacco plants is given. 


EXPERIMENTAL 


Roots of tomato (Lycopersicon esculentum, Miller) infected 
with aucuba mosaic virus and maintained in culture in vitro by 
Dr. Philip R. White since December 9, 1933, were used in the 
present study. A clone of 100 roots was subcultured at weekly 
intervals and, through Dr. White’s courtesy, the residual tissue 
from all cultures was collected between November, 1936, and 
March, 1937, immediately frozen, and kept in the frozen state 
until a total of 20 gm. of such tissue was accumulated. Leaf 
tissue for comparison was obtained from five tomato plants inocu- 
lated on March 5, 1937, with virus obtained from the root cultures. 
The plants were cut and frozen on March 23, 1937. 

The 20 gm. mass of infected root tissue was put through a meat 
grinder while frozen, 2 cc. of a solution of 50 per cent K,HPO, 
were added, and the pulp was allowed to thaw. The juice was 
expressed, analyzed for total and protein nitrogen, and tested for 
virus activity. The pulp was extracted with 20 cc. of 0.1 m phos- 
phate buffer at pH 7, and this extract was combined with the 
juice, making a total of 33 cc. Cellular débris was removed 
from the combined extracts by centrifugation in a Swedish angle 
centrifuge for 30 minutes. The supernatant liquid was then 
ultracentrifuged for 90 minutes at a speed of about 24,000 R.P.M., 
corresponding to a force of about 60,000 times gravity. The 
supernatant liquid was removed, analyzed, and tested for virus 
activity (Preparation 1, Table I). The sediment in the bottoms 
of the tubes was suspended in 7 cc. of 0.1 m phosphate buffer at 
pH 7, subjected to low speed angle centrifugation, and the super- 
natant liquid removed and ultracentrifuged for 90 minutes. The 
sediment obtained on ultracentrifugation was again suspended 
in 7 cc. of 0.1 m phosphate buffer and subjected first to low speed 
centrifugation and then to ultracentrifugation. The material 
that was obtained following the third ultracentrifugation was 
dissolved in 5 ce. of 0.1 m phosphate buffer at pH 7. This solution 
was found to give the usual tests for protein and to contain a 
total of 1.7 mg. of protein. This yield of protein of high molecular 
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weight from the 20 gm. of root tissue corresponds to 0.13 mg. of 
protein per cc. of root juice. In calculation of the yield of protein, 
a factor of 6 was used to convert protein nitrogen figures to protein. 
The figures for protein nitrogen given in Table I may be converted 
in; smilar manner to protein by multiplication by 6. 

The 270 gm. of green leaf tissue obtained from five tomato 
plants inoculated with virus from these roots were treated in the 
same way, except that a second extract of the pulp was not made, 
The yield of virus protein following three ultracentrifugations was 
110 mg., or 0.6 mg. of protein per cc. of juice (Preparation 2, 
Table I). This yield is lower than that customarily obtained, 
due apparently to the fact that the leaf tissue was infected for 
only 18 days, a period insufficient to permit the maximum con- 
centration of virus to be reached. For example, as may be seen 
from the results obtained with another group of tomato plants 
diseased with aucuba mosaic (Preparation 3, Table I) which were 
infected for a period of 4 weeks in the spring of 1938, the yield of 
virus protein was about 1 mg. per cc. of leaf juice. In order to 
learn something of the distribution of virus protein within the 
plant, this group of plants was divided into leaves, stems, and 
small roots of a size comparabie to that of the roots grown in 
vitro, and each portion worked up separately. It may be seen 
that the yield of virus protein from the roots was only about one- 
quarter, and that from the stems only about one-sixteenth, that 
obtained from the leaves. However, the yield of virus protein 
from the roots of tomato plants grown in the greenhouse was 
somewhat larger than that obtained from the roots grown in vitro. 
It may also be seen from a comparison of the data for Preparations 
5 and 6 with that of Preparation 3 in Table I that the yields of 
virus protein from the corresponding portions of the 4 week- 
diseased Turkish tobacco plants were larger than the yields in the 
case of the tomato plants. The differences are much greater 
than can be accounted for on the basis of the two different strains 
of virus that were used and are in accord with the earlier findings 
of Loring and Stanley (6) regarding the relative amounts of virus 
in Turkish tobacco and in tomato plants. 

Practically all of the nitrogen contained in the juice from the 
roots grown in vitro was in a form of non-protein nitrogen associ- 
ated with inactive material of low molecular weight which did not 
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sediment on ultracentrifugation. The protein nitrogen content 
of the root juice was only 0.17 mg. per ec., and practically all of 
this protein sedimented on ultracentrifugation. Since only 0.02 
mg. of virus protein nitrogen was isolated from each cc. of root 
juice, it appears that much of the protein present in the root juice 
must have been denatured. However, in the case of the juice 
from roots of tomato plants grown in the greenhouse, much of the 
protein was in the form of protein of low molecular weight which 
remained in the supernatant liquid on ultracentrifugation. The 
analytical data on the juices of normal and diseased tomato plants 
(Preparation 3 as compared to No. 4, Table I) show that infection 
caused an increase in the total nitrogen and protein nitrogen con- 
tent of the leaf juice and an increase in the protein nitrogen con- 
tent of the stem and root juices, but had little or no effect on the 
total nitrogen content of the latter juices. It may be noted that, 
although the total nitrogen content of the juice from the 4 week- 
diseased tomato leaves was of the same order of magnitude as 
that of the juice from the roots grown in vitro, over half of the 
nitrogen in the leaf juice was in the form of protein, and about half 
of this consisted of inactive protein of low molecular weight which 
did not sediment on ultracentrifugation. 

The virus activity, on a protein basis, of material from roots 
grown in vitro and from leaves was determined by means of the 
half leaf method on three separate occasions and, as may be seen 
from the results which are given in Table II, no significant differ- 
ence was found. Although the virus protein concentration of the 
roots grown in isolated culture is less than about one-fifth that 
of leaves grown in a greenhouse, the activity of the isolated virus 
protein is the same. Since the activity of virus proteins has been 
found to be one of their most characteristic properties, the fact 
that the protein from the two quite different sources had the same 
virus activity is of considerable significance. 

When Turkish tobacco plants were inoculated with virus protein 
from the two sources, the diseases that followed were indistin- 
guishable. The virus proteins from the roots and from leaves 
were found to have similar solubilities and to crystallize in a 
similar manner. No difference was noted in the precipitin re- 
action with antiserum to aucuba mosaic virus protein isolated 
from other material. The isoelectric point of the virus protein 
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from the leaves, as determined in the Northrop-Kunitz apparatus, 
was pH 4.1, that of protein from the roots pH 4.0. Through the 
cooperation of Dr. Wyckoff, the sedimentation constants of the 
protein from the two sources were determined. Although both 
sedimenting boundaries were fairly sharp and there was no indica- 
tion of the presence of material of low molecular weight, the 
boundary obtained in the case of protein from the roots was less 
sharp than that obtained with the protein from the leaf tissue. 
In both cases the protein sedimented with a boundary character- 


TasBLe II 


Virus Activity of Aucuba Mosaic Virus Protein Isolated from Diseased 
Tomate Roots Grown in Vitro and from Leaves of Diseased Tomato Plants 











| _ No. of 
T : N .D.t 
No Test plant -—~" - dae Po ate = 
, Roots 55.9 
1 Phaseolus vulgaris 95 poll 58.2 0.7 
— ' Roots 47.6 
2 Nicotiana glutinosa 79 pee 45.0 1.43 
Roots 47.3 
ae ae 
. “ Leaves 45.6 1.@ 




















* In every instance virus protein at a concentration of 10~* gm. of pro- 
tein per cc. in 0.1 m phosphate buffer at pH 7 was used as inoculum. 

t The figures represent the average number of lesions per half leaf ob- 
tained on inoculation of the designated preparation. A given preparation 
was administered to the right halves of half of the leaves and to the left 
halves of the remaining leaves in each test. 

t The figures represent the findings of a statistical analysis of the re- 
sults. To show a significant difference between the mean number of lesions 
in any one experiment, the ratio of the difference of the mean (m.p.) to the 
standard deviation of the difference (s.p.) should not be less than 2.1. 


istic of a single molecular species with seo* = about 185. From 
all these comparisons, it may be concluded that the properties of 
virus protein isolated by differential centrifugation from aucuba 
mosaic-diseased tomato roots grown in isolated culture and from 
aucuba mosaic-diseased tomato plants grown in a greenhouse are 
either identical or nearly identical, and hence that the protein 
from the two different sources is probably the same. It should 
be noted, however, that there must be some interference with the 
production of virus protein in the excised roots, for the concentra- 
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tion of virus protein in such roots was slightly less than that in 
the roots and much less than that in the leafy portions of plants 
grown under normal conditions in a greenhouse. 

The isolation of aucuba mosaic virus protein from diseased 
tomato roots grown in isolated culture demonstrates that produc- 
tion of virus protein of high molecular weight of the type isolated 
from diseased leaves is not directly dependent upon the chlorophyll 
mechanism of a plant. This macromolecular virus protein can 
be built up in cells whose sole food source consists of simple mate- 
rials of known constitution and structure. These experiments 
thus represent an advance in eliminating some of the irrelevant 
factors which tend to obscure the process of virus multiplication 
as studied in tisSues of more complex metabolism. 


The writer wishes to thank Dr. Philip R. White for the roots 
grown in vitro used in the present work and for assistance in the 
preparation of the manuscript. 


SUMMARY 


A macromolecular protein was isolated by means of differential 
centrifugation from the juices of aucuba mosaic-diseased tomato 
roots grown in isolated culture. The properties of this protein 
were found to be essentially the same as those of aucuba mosaic 
virus protein isolated from diseased tomato plants grown under 
normal conditions in a greenhouse. The concentration reached 
by aucuba mosaic virus protein in excised roots grown in isolated 
culture was slightly less than that in roots and less than 20 per 
cent that in the leaf tissue of greenhouse plants. 
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THE ENDOCRINE CONTROL OF LIPID METABOLISM 
IN THE BIRD* 


I, THE EFFECTS OF PREGNANT MARE SERUM UPON THE BLOOD 
AND LIVER LIPIDS OF THE DOMESTIC FOWL 


By C. ENTENMAN, F. W. LORENZ, anv I. L. CHAIKOFF 


(From the Division of Physiology of the Medicat School, and the Division of 
Poultry Husbandry of the College of Agriculture, University of 
California, Berkeley) 


(Received for publication, August 3, 1938) 


In previous reports from this laboratory (1, 2) it was shown that 
increased lipid contents of both blood and liver are found in the 
domestic fowl when laying eggs. In the blood the most pro- 
nounced rise occurred in the neutral fat, although significant 
changes were also observed in phospholipids and cholesterol. In 
the liver, neutral fat only was affected. Since the rise in blood 
lipids was first found in the pubescent female containing rapidly 
growing yolks and at no time, from early age to past maturity, 
occurred in the male bird, it was concluded that ovarian activity 
is involved in these lipid changes. No correlation was found 
between the raised lipid level and the duration or intensity of egg 
production. Thus, while the onset of ovarian activity provides 
the stimulus for a rise in the lipid level of the blood, the degree 
of ovarian activity as measured by egg production seems to be in 
no way related to the extent of the blood lipid rise. 

In order to throw light on the interrelation between lipid me- 
tabolism and ovarian activity, studies have been undertaken on 
the effects of various hormones on lipid metabolism in the bird. 
The present investigation records the effects of the gonad-stimu- 


* Aided by a grant from the Research Board of the University of Cali- 
fornia, and by assistance from the Works Progress Administration (Offi- 
cial Project No. 465-03-3-631, Unit A6). 

Some of these data were presented at the meeting of the American 
Physiological Society at Baltimore, 1938. 
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lating principle contained in the serum of pregnant mares upon the 
lipid metabolism of blood and liver. 


EXPERIMENTAL 


Immature, single comb white Leghorn birds were used in this 
investigation. They were fed the Poultry Division stock diet, 
which has been described elsewhere (2). The methods employed 
for lipid analyses of blood and liver, as well as the manner in which 
these tissues were removed from the birds, have also been pre- 
viously recorded (1, 2). 

Asmundson and Wolfe (3), Breneman (4), and Asmundson, 
Gunns, and Klose (5) reported that precocious sexual development 
of chicks could be obtained by injection of pregnant mare serum. 
This material is a good source of gonadotropic hormone (6) and 
has no measurable amounts of other hormones of the anterior 
pituitary complex. The serum! employed contained 50 rat units 
(7) of gonadotropic hormone per cc. All administrations were 
made intramuscularly, the birds receiving 150 rat units six times 
per week; tissues for lipid analyses were taken 24 hours after the 
last injection of the hormone. All birds were 40 to 54 days old 
at the time that injections began. This precedes the minimum age 
of normal puberty in this breed of fowl by more than 2 months. It 
has been shown in previous reports (1) that the blood lipids remain 
within well defined limits in this bird during immaturity. 


Results 


Blood Changes—The lipid levels of control birds and of injected 
birds are shown in Tables I and II respectively. The range of age 
of both groups was identical; it fluctuated between 59 and 77 
days, when blood samples were taken. The content of the various 
lipid constituents in the blood of the control group was well within 
the range of values previously observed for the immature birds 
(1). It is known that maturity, which is associated in the female 


1 The material employed in this study was kindly furnished and assayed 
by the Cutter Laboratories, Berkeley, through the courtesy of Mr. Donald 
Wonder. It was prepared by defibrinating the serum obtained from mares 
between the 50th and 120th day of pregnancy. 1 unit of this material 
represents the minimum amount that will produce corpora lutea 96 hours 
after the injection into 21 day-old rats. 























Taste | 
Blood Lipids of Non-Injected Controls 
All lipid values are expressed as mg. per 100 cc. of whole blood. 
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| oer. | Resid- 
e | Bird lees [Weight | Ovary ye we es . i poe Total — 
‘ wee) Total | Free | Ester | ®*ids ipid acids 
days gm. | gm. | gm. | | 
| 0271) 680 | 112 | 88 | 24 | 300 | 260 | 412 | 108 
. 77 | 730 | 0.25 | 0.17 | 139 | 92 | 47 | 242 | 303 | 381 | 105 
t 6| | a9} 71] 820} | 140 | 82 | 58 | 201 | 200 341 | 
d 77 | 920 | 0.48 o.15| 110 | #3 | 96 | 242 263 | 361 | 40 
h 85 | 71 790 | | 92 | 80 | 12 | 253°| 236 | 345 | 87 
. 77 | 870 | 0.41 | 0.14) 132 2 | 40 | 249 273 | 381 | 37 
10) 71) 700 | | eegihgm 
77 770/| 0.38 | 0.14| 135 | 74 | 61 | 198 | 242 | 333 0 
n, 15 | 71 | 640 | 114 | 73 | 41 | 299 | 287 | 413 | 77 
at 77 | 700 | 0.28 | 0.18 119 | 83 | 36 | 263 | 253 | 382 68 
“a 69 | 69 | 720 | | 80 | 70 | 10 | 24 | 231 | 364 | 122 
d 76 | 840 | | | 124 | 90 | 34 | 205 | 263 | 419 | 94 
70 | 76 | 1010| 0.42 | 0.25! 90 | 74 | 16 | 282 | 308 | 372 | 64 
or | 35 | 50 | 360 | 0.22 | 0.06 | 104 | 89 | 15 | 242 | 267 | 340 | 52 
ts ———_______—_—__— 
~ | Tas.e II 
.: Effect of Daily Injections of 150 Rat Units of Pregnant Mare Serum upon 
he Blood Lipids of Immature Female Birds 
Id All lipid values are expressed as mg. per 100 ec. of whole blood. 
it Genel mieal | ira iter Ovi- | Cholesterol | Total | Phow- | rotat —_ 
hs treat | No. Age | weight ‘weight | weight Hrcenl Reco fas ee | Beta | lipid | fatty 
days days| gm. | gm. gm. 
8 | 61| 62| 650 | | 136, 80) 56 | 410 | 315| 546) 158 
8 | 62) 62 | 570 | 133} 94 39 | 494 | 404) 627) 194 
ed 11 | 61) 65 | 690 | 0.55 | 9.74) 106) 75 31 | 385 | 290, 491) 168 
11 | 62) 65 | 610 | 0.47 | 8.24) 101) 86, 15 | 426 | 367) 527) 169 
ge 19 | 37, 64) 620 | 0.43 | 6.70) 128) 96 32) 424 | 552 
7 19 | 49 64 | 485 | 0.49 | 11.00] 191] 156) 35 | 1195 1386 
mus | a | 22/71/ 890 | 223| 135| 88 | 1530 | 727| 1753| 979 
hin 21 | 16 71 | 880 | | 157| 119) 38 | 959 | 508) 1116) 591 
rds 21 | 78 63 | 710 | 0.48 | 11.64) 161] 107) 54 | 654) 540) 815) 253 
ale 21 | 79; 63 | 650 | 0.36 | 5.58 102) 8418) 398 | 449) 500) 84 
22 | 66) 76 | 760 | 130] 98} 32 | 482) 353] 612) 222 
23 | 88) 59 | 630 | 0.71 | 14.19) 129] 100, 29 | 680 | 475) 809) 340 
yed 23 | 512' 59 | 490 | 0.65 | 14.00! 110| 77/33 | 455 | 335) 565| 206 
ald 27 | 22/77 980 | 1.75 | 26.92) 272) 192) 80 | 2220 | 1040) 2492) 1465 
ares 27 38 77 | 950 | 0.89 | 13.54) 180, 97, 83 | 508 | 586] 778) 145 
rial 27 | 16,77 | 990 | 1.11 | 15.34) 189] 134) 55 | 1333 | 636) 1522) 867 
burs 27 | 81/69 | 730 | 0.71 | 14.55) 167) 141| 26 | 1050 | 580) 1217) 643 
27 | 80) 69 | 750 | 0.75 18.83 174| 149} 25 | 1480 | 644) 1654) 1031 
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with an enormous increase in the lipid content of the blood (1), 
is not attained in the type of bird studied here until about 120 
days. It should therefore be noted that observations were com- 
pleted on all birds recorded long before the age at which increases 
in blood lipids could occur spontaneously. 

The experimental birds were injected for periods varying be- 
tween 8 and 27 days. Tremendous increases were observed in the 
lipid concentrations in the blood, particularly after the longer 
injection periods. In order to determine whether these increases 
were statistically significant, the blood samples were divided into 


TaBLe III 


Mean Lipid Values Obtained with Daily Injection of 150 Rat Units of 
Pregnant Mare Serum for Varying Periods 


All lipid values are expressed as mg. per 100 cc. of whole blood. 


























* Non-_ | 8 to 11 day |19 day| 27 da ° 
Lipid constituents injected | injection’ | investion’| injection | ¥ values 
Total cholesterol........ 115 119 148 196 9.91 
Free grt) ty Se 83 84 108 143 12.90 
Ester see ee 32 35 40 53 1.57 
Total fatty acids........ 256 429 753 1336 16.19 
Phospholipid............ 266 344 484 697 | 24.29 
Total lipid.............. 371 548 901 1532 | 16.18 
Residual fatty acids..... 65 173 382 830 12.90 
No. of analyses........ 14 4 9 5 














* With the degrees of freedom available an F value of 4.64 could be ob- 
tained only once in 100 trials, if the value in the different groups were 
drawn at random from a homogeneous population; consequently higher F 
values are highly significant. 


four arbitrary groups. One group contained all blood samples 
from non-injected birds, while the three other groups contained the 
results obtained from birds injected for three periods: (1) 8 to ll 
days, (2) 19 to 23 days, (3) 27 days. These group values were 
subjected to an analysis of variance (8). The calculated F values 
are tabulated along with the means for each group in Table III, 
which shows that the F values for all lipid constituents except 
esterified cholesterol are decidedly greater than 4.64 (the 1 per 
cent point) and consequently highly significant. Hence the ob- 
served differences between the various groups are real and not due 
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tochance. The individual groups were compared with each other 
by means of “‘Student’s’’ ¢ values (8). The mean values for free 
cholesterol, phospholipid, and neutral fat obtained for birds 
injected for 19 to 23 days as well as for 27 days were significantly 
greater than similar values obtained from non-injected birds. As 
a result of injections over 27 days esterified cholesterol was also 
increased above its level in the non-injected animals, although in 
view of the low F value for this lipid constituent the increase 
should be interpreted with caution. Significant differences were 
obtained between injection periods of 19 to 23 days and 27 days, 
strongly suggesting that once a response has been established 
continued injection of the hormone increases the blood lipids still 
more. This is illustrated by the behavior of two birds from which 
blood samples were taken at both 21 and 27 days. The total 
blood lipids in Bird 16 increased from 1116 to 1522 mg. per cent, 
in Bird 22 from 1753 to 2492 mg. per cent. 

Liver Lipids—The livers of the injected birds contained normal 
amounts of all lipid constituents. It is particularly interesting 
to note that abnormal amounts of fat did not appear in the livers 
of birds despite the fact that they developed severe lipemias. 


DISCUSSION 


It is clear from the results that prolonged administration of 
gonadotropic hormone obtained from the serum of pregnant mares 
produces enormous increases in the lipid concentration of the blood 
of the immature birds. It is particularly interesting to note that 
the variations in lipid levels observed in the injected birds were 
strikingly similar to those observed in normal laying birds. Birds 
injected for 19 to 27 days showed a range of values for total lipid 
between 500 and 2492 mg. per cent; laying birds previously re- 
ported from these laboratories (1) showed a range of values be- 
tween 551 and 4719 mg., but 90 per cent of these were" between 551 
and 2486. 

By prolonging the period of injection of pregnant mare serum 
to 6 weeks, Asmundson, Gunns, and Klose (5) succeeded in ob- 
taining ova as large as 5 mm. in diameter in the ovaries of im- 
mature birds. In the present study the injection periods were 
limited to a maximum of 27 days, and although the ovaries in- 
creased in size from 2 to 5 times those of the controls, no yolk 


peer 
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growth had begun in any of the birds at the time they were sacri- 
ficed for examination (Table II). Hence it may be concluded that 
the rise in blood lipid level is not secondary to the withdrawal of 
fat from the blood by rapidly growing yolks. 

Relation of Blood Lipid Response to Response of Oviduct—The 
results obtained in the present study reveal a striking relation 


TOTAL LIPID MG. PER !00cc.WHOLE BLOOD 
T 








110 j20 
OVIDUCT WEIGHT GRAMS 





Fre. 1. Relation of blood lipid levels of immature birds to oviduct 
weight. The symbol at the left end of the curve represents the range of 
values of non-injected birds; the circles, values from birds injected daily 
with 150 rat units of pregnant mare serum. 


between oviduct size and the level of the blood lipids. This is 
shown in Fig. 1, in which total fatty acids of the blood are plotted 
against oviduct weights. This curve suggests that a minimum of 
ovarian activity sufficient to cause an oviduct growth of at least 
10 gm. in birds of the size and age used here must be produced 
by injections before the blood lipids show a rise. 
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SUMMARY 


1. Continued injections of pregnant mare serum produce a rise 


in the blood lipids of the immature female bird. These changes 
are similar to those observed in normal laying birds. 


2. It is shown that the formation of yolks is not the stimulus for 


the rise in blood lipids. 


3. A relationship has been demonstrated between the rise in 


blood lipids and oviduct size. Under the conditions studied a rise 
in blood lipids occurred when an oviduct growth of at least 10 
gm. had been attained by injections. 
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STUDIES ON THE PRODUCTION OF TAUROCHOLIC 
ACID IN THE DOG 


II. CYSTAMINE* 


By ROBERT W. VIRTUE ann MILDRED E. DOSTER-VIRTUE 


(From the Department of Biochemistry, Louisiana State University Medical 
Center, New Orleans, and the Department of Chemistry, University of 
Denver, Denver) 


(Received for publication, June 20, 1938) 


In recent years there have been several reports (1, 2) concern- 
ing the question of utilization of cystamine for growth by the 
animal organism. It seemed to us that, if cystamine has the 
power of enabling the animal to grow normally on a low cystine 
diet, it would probably be able to replace cystine as a precursor 
of taurine. Robbers (3) has suggested that this may occur. The 
steps which would be involved in changing cystine or cystamine 
to taurine are indicated below. 





SCH,CH(NH,)COOH 2 SCH,CH,NH; 
| Py 
SCH,CH(NH,)COOH —CO; SCH,CH;NH, 
Cystine \. Cystamine 
\O 
N\ tf 
HO,SCH,CH(NH,)COOH 
Oo 
Cysteic acid \—CO; Ps 
J 
So 
HO,SCH,CH;NH; 
Taurine 


* A preliminary report of these studies was presented before the Thirty- 
second annual meeting of the American Society of Biological Chemists at 
Baltimore, April 1, 1938 (Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 123, p. 
exxiii (1938)). 
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Experiments of von Bergmann (4), of Whipple’s group (5), and 
previous results of our own (6) have indicated that the body can 
produce enough taurine for conjugation with all the cholic acid 
which is ordinarily available to the dog. Repeated feedings of 
cholic acid or fasting periods may, however, deplete the body of 
its supply of taurine. This indicates that cholic acid is the limit- 
ing factor in the synthesis of taurocholic acid. We have there- 
fore used fasting bile fistula dogs in an attempt to find whether 
cystamine may be changed to taurine. 

Robbers (3) administered cystamine to dogs and measured their 
urinary sulfur distribution. Since his dosages were not the same 
as ours, we have likewise determined the urinary sulfur partition 
as a measure of the oxidation of the sulfur of the cystamine which 
was administered. 


EXPERIMENTAL 


To measure the normal degree of oxidation of the sulfur of 
cystamine a healthy dog (Dog 38) was catheterized daily, and on 
the 5th day of a constant diet 0.75 gm. of cystamine dihydro- 
chloride was injected subcutaneously. The animal refused food 
on that day, thereby invalidating the urinary sulfur figures as a 
measure of cystamine metabolism. Since cystamine caused a 
disturbance that prevented the dog from eating normally, the 
same dog was fasted 3 days and given cystamine dihydrochloride 
on the 4th day. The urinary sulfur partition was again deter- 
mined. A bile fistula was later established in this animal, and 
cystamine was administered once more during a fasting period 
after recovery from the operation. Bile fistulas were established 
in all other dogs before the administration of cystamine. All 
dogs were females. 

When the animals had recovered from the operation, they were 
fasted and then given 6.7 milliequivalents (2.8 gm.) of cholic 
acid daily by capsule to deplete the liver of its store of taurine. 
On experimental days 6.7 milliequivalents of cystamine dihydro- 
chloride (0.75 gm.) were either fed or injected subcutaneously 
at the same time the cholic acid was fed. The bile was collected 
at 24 hour intervals, just before the capsules were given, and the 
urines were collected by catheterization. 

The analytical methods used have been described previously 
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(6). To carry out Van Slyke volumetric determinations in 
Denver it was necessary to extrapolate to obtain weights of moist 
nitrogen at lower barometric pressures than those given in avail- 
able sources (7).! 


Results 


Table I gives the sulfur partition in the urine of a normal ani- 
mal (Dog 38, first 5 day period) before and after the administra- 
tion of cystamine dihydrochloride. The increase in nitrogen 
excretion on the experimental day may have resulted from a 
stimulation of general protein catabolism by the cystamine. Con- 
sequently part of the extra sulfur found in the urine that day may 
have been due to breakdown of protein of the dog’s tissues. The 
data for the next 4 days for Dog 38 show a corresponding urinary 
sulfur partition after a bile fistula had been established in the 
animal. Both before and after the operation the greater part 
of the extra sulfur which was excreted had been oxidized by the 
dog. Small but definite increases in disulfide sulfur appeared on 
the experimental days. These may have been due to unchanged 
cystamine, for positive cyanide-nitroprusside tests were obtained 
on those urines. 

The other animals (Dogs 31, 35, and 39) on which urinary 
figures were obtained gave results in agreement with those of 
Dog 38. The nitrogen values were somewhat elevated on the 
day of administration of cystamine, which points to a toxic effect 
from that substance. Dog 35 vomited on two occasions after 
the feeding of cystamine. Part of the cystamine may have been 
absorbed before vomiting occurred. The urine contained un- 
changed cystamine on those 2 days; hence the sulfur partitions 
are not recorded. Because of difficulty of retaining cystamine 
when given orally, subcutaneous injections were given to Dogs 35, 
39, and 44. Analysis of the urines of Dogs 31, 35, and 39 showed 
that after either oral or subcutaneous administration of cysta- 
mine most of the extra sulfur had been oxidized, and an increase 
in disulfide sulfur was observed on experimental days. 

Because of a peculiarity of the anatomical structure of Dog 44 


1 A table of these values for pressures ranging from 600 to 692 mm. will be 
furnished by the authors to those interested. 
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II 


we were unable to catheterize it, and cannot report sulfur dis- 
tribution in the urine. 
The taurocholic acid values reveal no marked rises on experi- 


Taste I 
Urinary Sulfur Partitions and Taurocholic Acid Production Following 
Administration of Cystamine to Fasting Bile Fistula Dogs 

Each animal was fed 2.8 gm. = 6.7 milliequivalents of cholic acid daily, 
except in the first 5 day period of Dog 38. 
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39 





Day 





PONE RONEN OOOH BR wD we oe we 


























Weight | Total N | Total S | Sulfate s | Or#anic |—S—S—| Taurocholie 
kg. gm. mg. mg. mg. mg. mg. 
12.0 3.78 307 181 126 4 

2.96 265 153 112 2 | Unoperated 
3.08 258 137 121 4 
5.22 473 288 185 10* 
4.69 350 194 156 3 
9.53 379 226 153 39 4718 
7.92 387 258 129 11 2293 
6.63 492 324 168 14 1641* 
8.51 436 274 162 6 2895 
5.64 458 409 49 3 2130 
4.69 323 269 54 4 1593 
6.34 417 333 St Bi 1494* 
1.5 4.11 257 216 41 2 1493 
2 Urine lost 752 
3.19 325 279 46 2 526 
3.82 Vomited into urine 725* 
3.67 | 275 | 229 | 46 2 | 572 
2.80 Vomited into urine 531* 
2.86 175 139 36 1 788 
8.6 3.63 266 200 66 16 867T 
11.8 5.68 256 150 106 6 3118 
4.62 256 158 98 | = 2642 
5.32 | 376 231 145 | 2@ | 2668T 
10.7 | 4.82 | 288 | 130 | 158 | 14 | 2393 
13.6 Unable to catheterize | 2756 
| | 2382 
1823t 
12.3 | | 818 











* 6.7 milliequivalents of cystamine dihydrochloride (0.75 gm.) were given 


orally. 
t 6.7 milliequivalents of cystamine dihydrochloride (0.75 gm.) were 


injected subcutaneously. 
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mental days above other days. In fact, with the exception of 
Dog 35 a downward trend will be seen from the Ist day of the 
fasting period through the experimental day. In view of these 
results, it appears that cystamine failed to give rise to taurine. 


DISCUSSION 


Sullivan, Hess, and Sebrell (1) reported that cystamine could 
promote the growth of rats approximately 64 per cent as efficiently 
as could cystine on a low cystine diet. Others (2) have obtained 
results which point to an inability of cystamine to replace 
cystine. That cystine may be changed to taurine, by the dog 
is accepted (8). Robbers (3) feels that deamination to form 
cystamine may be a normal path of cystine metabolism, and 
that the cystamine formed may be the precursor of taurine. If 
cystamine can substitute for cystine, the body might be expected 
to oxidize cystamine to taurine, which would be conjugated 
with cholic acid and excreted in the bile as taurocholic acid. 
The results we have obtained furnish no evidence for a con- 
version of cystamine to taurine, for the taurocholic acid excretion 
in the bile of our dogs was not increased after the administration 
of cystamine. 

Robbers measured the distribution of urinary sulfur after in- 
jecting cystamine into his dogs. Those experiments differed from 
ours with regard to the manner and frequency of administration. 
Robbers injected cystamine subcutaneously as a 10 per cent sus- 
pension in olive oil. Since at least 1 gm. of cystamine dihydro- 
chloride was given per day, at least 10 ec. of olive oil were injected 
each time. The injections were continued daily over 5 or more 
days, which means that at least 50 cc.of olive oil were injected 
subcutaneously into each animal. Robbers noted the formation 
of abscesses at the sites of injection. His high values for total 
sulfur excretion, some of which were greater than the amount of 
sulfur administered, may well be explained by breakdown of body 
tissue caused by the abscesses. Our administrations were made 
orally or subcutaneously in aqueous solution. The cystamine was 
administered on only 1 day during an experimental period. No 
abscesses appeared at the sites of injection. We noted an apathy 
and loss of appetite, as did Robbers, soon after giving the cys- 
tamine. 
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The outstanding differences between our data and those of 
Robbers relate to the proportion of extra sulfur which was oxi- 
dized by the dogs. Robbers found more organic sulfur than sul- 
fate sulfur following the injection of cystamine, while we observed 
the opposite distribution. The sulfur of cystamine was readily 
oxidized to sulfate in our experiments. It appears likely that 
Robbers’ high organic sulfur values may have been due to a com- 
bination of increased protein catabolism from the abscesses, and 
to the continued daily administration of the somewhat toxic 
cystamine. 


SUMMARY 


1. Cholie acid was fed to fasting bile fistula dogs for several 
days to enhance their output of taurocholic acid, and thereby 
deplete their livers of taurine. When cystamine dihydrochloride 
was administered orally or subcutaneously with the cholic acid 
on the 3rd or 4th day, no increase in the output of taurocholic 
acid was noted. Evidently the dogs did not change the cysta- 
mine to taurine. 

2. The dogs excreted most of the sulfur of cystamine dihydro- 
chloride in the urine as inorganic sulfate. 


The authors wish to acknowledge their indebtedness to Dr. R. 
W. Whitehead of the University of Colorado Medical School for 
his cooperation in making available facilities for carrying out these 
experiments. 
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THE DECOMPOSITION OF CYSTINE IN AQUEOUS 
SOLUTION 


By JOSEPH I. ROUTH 
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Michigan, Ann Arbor, and the Biochemical Laboratory, State University 
of Iowa, Iowa City) 


(Received for publication, July 18, 1938) 


It is well known that treatment with acid and alkaline reagents 
may alter the physical properties of wool. Recently Crowder and 
Harris (1) have observed a loss of weight in wool within 15 min- 
utes after treatment with 0.05 N sodium hydroxide at 65° in an 
atmosphere of nitrogen. A 0.7 per cent loss in weight of wool 
upon boiling in water for 1 hour has been recorded (2) and further 
changes have resulted from treatment in an autoclave at 135-150° 
for 30 minutes (3). It has also been observed! that hair on pro- 
longed boiling with water suffered a loss in sulfur and cystine. 
This was confirmed by the heating of 1 gm. samples of wool in 
75 ec. of water under a reflux condenser for periods varying from 
8 to 96 hours. The residual wool became progressively more 
yellow and brittle and contained less sulfur and cystine. The 
nitrogen content was apparently not affected by this treatment. 

The phenomena described above presumably are related to 
changes in the sulfur and cystine content of the animal fibers. 
Similar changes in the purified amino acid cystine probably occur. 
The decomposition of cystine and related compounds by acid and 
alkaline reagents has been extensively studied by Gortner (4), 
Clarke (5), Andrews (6), and their collaborators. Sodium hy- 
droxide (1.0 m) decomposed cystine slowly at room temperature 
with the production of small amounts of cysteine and sulfides (6). 
It has been shown by Shinohara and Kilpatrick (7) that small 
amounts of cysteine were formed when cystine was treated with 
0.2 m hydrochloric acid in an atmosphere of nitrogen for 7 days at 


1 Lightbody, H. D., and Lewis, H. B., unpublished data. 
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room temperature. When the temperature was increased to 
80°, cysteine formation was observed within 6 hours and a trace 
of hydrogen sulfide was detected after 24 hours. It is of interest 
to note that after the treatment of wool with weak sodium hy- 
droxide for 15 minutes, there was a considerable decrease in the 
sulfur and in the cystine (1). : 

Anslow and Foster (8), in a study of the effect of the absorption 
of light energy on cystine in hydrochloric acid solution, postulated 
that the amino acid was dissociated at the disulfide linkage by 
light of a wave-length of approximately 2500 A., with the prob- 
able formation of cysteine chloride and cysteine. 

This paper presents the results of experiments in which the 
effects of boiling cystine with distilled water have been studied. 


EXPERIMENTAL 


The decomposition of cystine was carried out in an atmosphere 
of either air or nitrogen. The nitrogen was purified by passing 
the gas through a seriesof absorption bottles containing alkaline 
pyrogallol, lead acetate solution, and finally water. The moist 
gas was led into the reaction flask and over the liquid by means of a 
short tube that passed through a hollow ground glass plug. A 
longer tube which extended to the bottom of the liquid also passed 
through the plug and was used for bubbling gas through the 
solution and for taking samples. The flask was fitted with a 
reflux condenser. An outlet tube connected the top of the con- 
denser with a train of absorption bottles that contained cadmium 
chloride solution (5 to 10 per cent). The reaction flask was 
heated on an electric heater adjusted to permit maintenance of 
constant temperature (boiling). 

In a typical run, 1.0 gm. of cystine and | liter of water were 
added to the reaction flask, the absorption trains were connected, 
and nitrogen was bubbled through the solution for 30 minutes, 
after which a change was made to the alternate inlet and the gas 
was passed over the liquid. The solution was then heated so that 
boiling occurred in about 30 minutes. All time relationships were 
measured from the beginning of the boiling of the reaction mix- 
ture. Most of the cystine was in solution after 30 minutes of 
boiling. Aliquots for analyses were withdrawn immediately at 
the end of the boiling period. The hydrogen sulfide present in 
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the sample was removed by passing nitrogen through the hot 
solution. Hydrochloric acid was then added to the sample to give 
a final concentration of 0.5 nN. The remainder of the solution in 
the reaction flask, hereafter referred to as the experimental solu- 
tion, was allowed to cool while nitrogen was bubbled through to 
drive all of the hydrogen sulfide into the absorption train. 

Similar experiments were carried out in an atmosphere of air. 
A wash bottle containing water was substituted for the train of 
reagents used in the purification of the nitrogen and the moist 
air was drawn through the system by means of a suction pump. 
Passage of both gases through the reaction flask was so regulated 
that about two bubbles a second entered the system from a tube 
8 mm. in diameter. 

Cystine and cysteine were determined in the aliquots by the 
Sullivan method as described in a recent paper (9). Hess (10) 
has shown that when the amount of cystine in a solution is large 
in comparison to the cysteine, errors in the determination of cyst- 
eine are introduced. During this investigation it was found that 
cystine alone would produce a color in the cysteine determination. 
As the concentration of the cystine was increased, the cysteine 
value of the solution correspondingly increased. In order to 
overcome this error, controls were run on solutions that contained 
concentrations of cystine approximately the same as those present 
in the test samples. The cysteine value of the control was then 
subtracted from that obtained on the samples and a more ac- 
curate measure of the true cysteine value was obtained. As a 
further check on the cystine and cysteine values, the methods of 
Shinohara were used (11). In addition to the methods mentioned 
above, the iodometric method as modified by Lavine (12) was 
applied to the analysis of the cysteine content of the aliquots. 

Cysteine hydrochloride was dried over phosphorus pentoxide 
and was analyzed by both the Sullivan and Shinohara methods. 
The color developed in the reaction by cysteine was calculated in 
terms of cystine, in order to make possible the use of the more 
stable cystine solutions as standards in subsequent determinations. 

For the determination of the hydrogen sulfide formed during the 
heating, the cadmium sulfide precipitated in the absorption bottles 
described previously was estimated iodometrically. The total 
sulfur content of the experimental solution was determined by the 
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Benedict-Denis method. When the heating period was prolonged 
to 3 hours, elementary sulfur sublimed in the condenser. This 
was washed down with alcohol and weighed after the evaporation 
of the solvent. The material showed the characteristic behavior 
of elementary sulfur; 7.e., solubility in carbon disulfide and a 
monoclinic crystalline form. 

Since many investigators have followed the decomposition of 
cystine in alkaline reaction by the rate of deamination, it was 
considered essential to test for the liberation of ammonia during 
the boiling. In the present series standard acid solutions con- 
taining indicators were included in the train of absorption bottles 
which were connected to the reflux condenser. No evidence of 
the liberation of ammonia was obtained. The constancy of the 
nitrogen content of the experimental solution (Kjeldahl) con- 
firmed these findings. 

The pH of the distilled water used in the experiments and of 
the solution at the conclusion of the heating period was deter- 
mined with a glass electrode. Characteristic crystals of cystine 
were deposited in the reaction flask after the experimental solu- 
tion had cooled. The quantity of crystals progressively decreased 
as the time of boiling was increased. 

The data for the time intervals presented in Tables I to III 
are the averages of at least two experiments in each case. 


DISCUSSION 


It can be seen from the data in Table I that the relationship 
between the decomposition of cystine and time of heating is ap- 
proximately linear. Cysteine was present in the solution of every 
experiment and could be demonstrated before hydrogen sulfide 
could be detected (TablesI and II). Asimilar formation of cyst- 
eine prior to the appearance of hydrogen sulfide was also observed 
by Shinohara and Kilpatrick (7) when cystine was heated in an 
acid medium. The deposition of sulfur in the condenser was 
first observed after 3 hours of boiling. When the periods of 
heating were greater, the ratio of the amounts of hydrogen sulfide 
produced to sulfur deposited in the condenser was approximately 
2:1 (Table II). 

A further study of the partition of sulfur in this decomposition 
of cystine is presented in Table III. Since it was unnecessary to 
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apply a correction to the cysteine values as obtained by the 
Shinohara method, these values were used in the calculations. 
The complete data for all the experiments may be calculated from 
Tables I and II. Such calculations for a typical short and a more 
prolonged period of heating are given in Table III. It is clearly 
indicated that the decomposition is not a simple one and that a 
number of side reactions are probable. After periods of heating 
of 1 hour it was observed that in the experimental solution more 


TaBLe I 


Changes in Composition of Solutions of Pure Cystine after Boiling with 
Distilled Water 

All values are expressed in mg. per liter of solution. The column head- 

ings, air and nitrogen, indicate the atmospheres in which the experiments 

were conducted. The initial solution contained 1000 mg. of cystine in 

suspension per liter of water. 








Sullivan method Shinohara method Lavine method 














Time | Cystine | Cysteine Cystine | Cysteine Cysteine 
| N Air | N | Air | N Air N | Air | N | Air 
ie BH ay | 
0 | 1000/1000 | 0 | © | 1000) 100; © | 0 | 0 | 0 
0.5 | 1007 | 1007 | 10 | 11 | 966) 983/ 10 | 10 | 10 | 10 
0.75, 999 | 979 22 | 20 944 956 | 18 17 | 19 | 16 
1 967 | 963 | 23 | 20 | 937| 949| 20 | 21 | 22 | 22 
3 | 921) 912 | 42 | 35 | 847 858| 40 | 42 39 | 41 
me) OF eee 40 | 45 | 41 
12 | 634 | 688 | 28 | 30 | 611| 659/ 30 | 31 | 29 | 30 
2% | 435| 468 | 25 | 23 | 437| 451| 2 | 23 23 | 24 
48 | 178| 164 | 15 | 14 | 212] 219| 14 | 183 | 15 | 18 








sulfur was present than could be accounted for as cystine and 
cysteine. This extra sulfur may have been due in part to the 
presence of elementary sulfur which was mechanically removed 
from the reflux condenser. Particles of sulfur were observed in 
the reaction flask after the longer periods of heating; the values 
for sulfur deposited in the condenser (Table II) may therefore be 
considered as minimum. Sulfur present as decomposition prod- 
ucts of cystine and cysteine (as sulfenic acid, etc.) may also be 
included in the extra sulfur fraction. That such acidic products 
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may well be present was indicated by a progressive decrease in 
the pH of the solution as the time of heating increased (Table 
II). Similar changes in the reaction were obtained in an atmos- 


Tasie II 
Decomposition of Cystine by Boiling Distilled Water 
All values except pH are expressed as mg. derived from 1.0 gm. of cystine. 
The column headings, air and nitrogen, indicate the atmospheres in which 
the experiments were conducted. The initial solution contained 1000 mg. 
of cystine in suspension per liter of water. ; 








Experimental solution | Sulfur vag Cm 
Ti | 
oy TotalN | TotalS | As H.S Deposited in Recovered | pe After 


{ 
| 
i ones Soe ela johasaiinictine riers Fe heat- | 
N | Air | N | Air | N | Air | N | Air iE N | Air | ine 
bra | | 
o | 17] 117} 267/267! 0 | 0 | 0 | 0 | 267 267| | 
0.5 | 115 | 111 | 260 | 265 ol o|o 0 | 260 | 265 | 6.8 | 6.5 
0.75| 113 | 117 | 263 | 261 | 0.2 0 | 0 | O | 263 | 261 | 6.8 
1 |117/ 115 | 259 | 259! 0.4! 0.3: 0 | 0 | 259 | 259/ 6.8 | 6.3 
3 | 116 | 111 | 253 | 253! 6.31 4.5 0.81 1.0| 260 | 258/68! 6.0 
113 | 113 | 234 | 234 | 16.9] 15. ; 7.2} 8.5 | 258 | 258 | 6.9 | 5.3 
12 | 112 | 111 | 203 | 208 | 36.7) 33.4) 17.6) 16.1 | 257 | 258 | 6.5 | 4.5 
4.3 
4.1 
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24 115 | 114 | 153 | 166 70.4| 64.2) 38.7| 37.6 | | 262 268 7.0— 
48 111 | 116 | 76 | 105 1105.3 100.0 79.2 58.0 | 261 | 263 | 7.0 

















Taste III 
Recovery of Sulfur after Boiling Cystine with Distilled Water in Two 
Typical Experiments 
All results are expressed as mg. of sulfur present. Series A was carried 
out in an atmosphere of nitrogen, Series B in air. 





| Series A, 0.75 | Series B, 24 








brs. 
In suspension before heating................... | 266.7 266.7 
“* solution after heating (a)............... ..-| 263.0 163.7 
* * REE RR ea 252.0 122.8 
_ " TS ens) an otal. sss 2.0 08 4.6 6.5 
Extra sulfur in solution (a — b —c)........... 6.4 34.4 
As hydrogen sulfide (d)............ {RAL sae 0.2 63.1 
** elementary sulfur (e)....................45. 0.0 40.6 
Total recovery (a + d + €)..............6.4055. 263.2 267.4 
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phere of nitrogen. That the extra sulfur present in the experi- 
mental solution could not be accounted for as inorganic sulfates 
was demonstrated by failure to obtain positive tests for the sul- 
fate in acidified aliquots. 

Several mechanisms for the decomposition of cystine by boiling 
distilled water are suggested by the results obtained in this in- 
vestigation. Preliminary experiments of a similar nature with 
cysteine indicate that the decomposition of the two sulfur-con- 
taining compounds follows a different course. A discussion of the 
reactions involved in these processes is deferred until the work 
upon cysteine is completed. 


The author wishes to express his gratitude to Dr. R. L. Garner 
for his suggestions and criticisms throughout the course of this 
investigation. 


SUMMARY 


1. Cystine was decomposed by boiling with distilled water. 
The formation of cysteine, hydrogen sulfide, and elementary sulfur 
was demonstrated. The decomposition proceeded at essentially 
the same rate in air as in nitrogen. 

2. From 96.3 to 100.6 per cent of the original sulfur could be 
accounted for in the various sulfur fractions. Not all of the sulfur 
present at the end of the experimental period could be accounted 
for as sulfur of cystine, cysteine, hydrogen sulfide, and elementary 
sulfur. The formation of decomposition products of an acid 
nature was suggested by the progressive decrease in the pH of the 
solutions as the time of heating was increased. 

3. The fact that the total nitrogen content of the cystine solu- 
tion remained unaltered indicated that no ammonia was liberated 
from the reaction mixture and presumably no deamination had 
occurred. 
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The present investigation was undertaken to study further the 
mechanism by which copper acts as a biocatalyst in the synthesis 
of hemoglobin and to rationalize, if possible, the results obtained 
by studies on nutritional anemia in rats (1) with those obtained 
from studies on hemorrhagic anemia in dogs produced by the 
technique of Whipple and coworkers (2). Dogs were chosen as 
the experimental animal for several reasons. In the first place 
it seemed desirable to demonstrate that the “whole milk” tech- 
nique for producing nutritional anemia could be extended to in- 
clude the dog. Secondly, since the existing data on hemorrhagic 
anemia are almost exclusively concerned with the dog, it was 
logical to gather data by other techniques on this animal. Lastly, 
the work of Schultze, Elvehjem, and Hart (3, 4) indicated that 
attempts to investigate the mechanism of the action of copper 
might be furthered by chemical determinations on blood. Since 
most of the constituents which we wished to determine required 
appreciable amounts of blood, we felt that the dog would suit 
our purpose admirably because of the facility with which large 
blood samples could be obtained. 

Although nutritional anemia has been produced in a number of 
species (5), we are not aware of any work in which dogs have been 
placed on exclusive milk diets with rigorous exclusion of iron and 
copper. It would seem that the best diet for the study of any 
factor which is necessary for hemoglobin synthesis would be a 
diet which contained optimum amounts of all the essential factors 
except the one in question. Thus far we have found that for the 


* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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study of iron and copper in relation to hemoglobin formation a 
diet of whole milk alone is unexcelled. We have assumed for the 
present that milk contains all of the organic factors which are 
needed for normal hemoglobin formation (see (6, 7)). Obviously 
the assumption will have to be tested experimentally in the case 
of the dog, but we have preferred to make a comparison of results 
obtained on this basis with the results already in the literature 
before looking for any further organic factors. Fontes and 
Thivolle (8) and Heubner and Frerichs (9) have studied hemo- 
globin regeneration after hemorrhage in dogs maintained on a diet 
of milk, rice, and yeast. We felt that if the rice were displaced 
by additional milk, the yeast would be unnecessary. Our results 
seem to bear out this idea, since we have maintained dogs in a 
state of excellent nutrition for more than a year on an exclusive 
whole milk diet plus iron and copper additions during part of the 
period. 


EXPERIMENTAL 


It was planned to use weanling pups for the production of 
anemia on a whole milk diet, to cure this anemia with a definite 
intake of iron and copper, and to study the hemoglobin regenera- 
tion in the same dogs after the production of anemia by hemor- 
rhage. 

The first group of dogs was a litter of seven mongrel collie 
shepherds. At approximately 6 weeks of age the pups were taken 


from their mother and placed in cages of galvanized iron with, 


galvanized 1 inch mesh screen bottoms. Experience in this 
laboratory has shown that anemia studies with rats can be suc- 
cessfully carried out in galvanized cages. The pups were fed 
raw whole milk ad libitum, and their milk supply was replaced 
with fresh whole milk twice daily. They received 2 drops of 
percomorph oil once a week to insure a plentiful supply of vita- 
mins Aand D. No water was given. Food intake was recorded 
daily, and hemoglobin and weight records were taken weekly. 
The animals were free from internal and external parasites. 

After 2 weeks on experiment the hemoglobin levels in all dogs 
were between 7.0 and 8.0 gm. per 100 cc. of blood. After 7 weeks 
the levels had dropped to about 6.0 gm. At this time the most 
anemic dog, No. 2 <’, at 5.22 gm. of hemoglobin per 100 cc., was 
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given a daily supplement of 20 mg. of Fe, 1 mg. of Cu, and 1 mg. 
of Mn. There was an immediate improvement in food intake 
and rate of growth, and a rapid rise in hemoglobin. After the 
Ist week the rate of increase in hemoglobin became somewhat 
slower, and after 7 weeks reached a level of 11.49 gm. per 100 cc. 
of blood. At this time therapy was discontinued. The dog was 
in excellent nutritive condition. The hemoglobin increased to 
12.05 gm. per 100 cc. of blood in the following week and then 
began a gradual decline as blood was withdrawn. The other six 
dogs were maintained on the milk diet during this time, ¢.e. until 
the 15th week, but showed little further diminution in hemoglobin. 
Growth continued in these dogs but at a much slower rate than 
in the case of Dog 2 which was receiving therapy. Two of the 
dogs finally reached levels of 4.96 and 4.79 gm. of hemoglobin per 
100 cc., but the other four remained at about 6.0 gm. Since it 
appeared unlikely that the anemia would progress much further, 
the pups were placed on therapy at 15 weeks as follows: Dog 1c’, 
2 mg. of copper + 2 mg. of manganese per day, with 30 mg. of 
iron added at 6 weeks; Dog 3 2 , 30 mg. of iron + 2 mg. of man- 
ganese per day; Dog 4 °, 30 mg. of iron + 2 mg. of manganese 
per day; Dog 5 9, 15 mg. of iron + 2 mg. of copper + 2 mg. of 
manganese per day; Dog 6 9 , 30 mg. of iron + 0.5 mg. of copper 
+ 2 mg. of manganese per day; Dog 7 9, 30 mg. of iron + 2 mg. 
of copper + 2 mg. of manganese per day. The iron was repuri- 
fied and proved to be free from copper by experiments with rats. 
On the basis of experience with pigs in this laboratory it was felt 
that 30 mg. of iron and 2 mg. of copper would represent approxi- 
mately the smallest dosage that would give an optimum response, 
while 15 mg. of iron and 0.5 mg. of copper would represent critical 
levels of therapy. The manganese was added to compensate for 
the low manganese content of milk. As will be brought out later, 
the optimum dosage of iron and copper for the cure of nutritional 
anemia in the dog remains to be determined. 


Analytical Work 


In an attempt to elucidate the mechanism of the action of 
copper, samples of blood were collected during the latter part of 
the development of the anemia and during the course of therapy 
and analyzed for plasma iron, red cell glutathione, and whole 
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blood copper, in addition to hemoglobin. The results of the first 
two determinations are largely of a preliminary nature and the 
methods and data will not be reported in detail here. However, 
it seems desirable to summarize the work briefly. 

Plasma iron was determined on trichloroacetic acid filtrates, 
with heating to 90° for 5 minutes during the protein precipitation 
to get quantitative recovery of the iron.'’ The iron was then 
determined by the bipyridine method. Moore and coworkers 
(10, 11) have stressed the importance of plasma iron as transport 
iron and have shown that low values are obtained in iron defi- 
ciency states and during rapid hemoglobin regeneration, while 
high values are obtained in aplastic anemia and pernicious anemia 
in relapse. In the present work we found that the plasma iron 
was greatly reduced in the anemic dogs and in fact was near the 
limits of the method while the dogs were anemic. Whereas nor- 
mal levels are greater than 100 micrograms of iron per 100 ce. of 
plasma, the anemic dogs reached levels as low as 10 micrograms 
or less. Elvehjem and Sherman (12) have reported data which 
indicate that in the anemic rat iron fed without copper is stored 
in the liver and not released for hemoglobin formation until copper 
is fed. In view of Moore’s evidence that plasma iron is transport 
iron we were curious to learn whether or not iron fed in the ab- 
sence of copper would appear as plasma iron, particularly since 
work on the rat indicated that the iron might be held in the liver 
and not escape into the general circulation. We cannot answer 
this question at present but can merely report that in all cases the 
plasma iron remained low until hemoglobin levels reached values 
of 9 to 11 gm. per 100 cc.; 7.e., until the acute anemia was cured. 
We cannot say that dogs on iron alone would have low plasma 
iron, since we cannot be sure that the slow rate of hemoglobin 
formation (apparently due to slight copper reserves) which oc- 
curred in our dogs on iron alone was not sufficient to keep the level 
of plasma iron low. 

Schultze and Elvehjem (13) determined the glutathione content 
of the blood in nutritional anemia in both rats and pigs and found 
a decrease in the former and an increase in the latter. In the 
present work the blood was centrifuged and the plasma, white 


1 We are indebted to Dr. Carl V. Moore of Ohio State University for 
checking our own observations on this point. 
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cells, and at times a purple layer of cells, were aspirated off, leav- 
ing the red cells, which were analyzed without washing by the 
method of Benedict and Gottschall (14). The glutathione was 
determined as mg. per 100 ce. of red blood cells, per 100 cc. of 
whole blood, and per gm. of hemoglobin. The latter figure may 
be of significance if the regeneration involves glutathione. We 
found levels of approximately 60 mg. of reduced glutathione per 
100 cc. of red cells in the dogs at the time they were shifted to 
therapy. This figure increased to 80 to 85 at the 4th and 9th 
days of therapy in the case of Dogs 5, 6, and 7 and showed no 
significant changes in the others. After the initial rise, the 
figures approached the original (anemic) value and remained at 
that level for the duration of the experiment. The significance 
of the temporary rise is rather obscure, since there was just as 
much hemoglobin regeneration later in the experiment as there 
was in the first few days, and also just as great an impetus for 
regeneration in most cases. 

Schultze, Elvehjem, and Hart (4) have shown that in anemia 
due to copper deficiency the blood copper falls to very low levels 
and have suggested that there is a critical level of blood copper 
below which hemoglobin regeneration is impossible. They con- 
sidered that this critical level must lie somewhere between 10 and 
30 micrograms of copper per 100 cc. of blood in the case of pigs, 
whereas the optimum appeared to be greater than 100 micrograms 
of copper per 100 cc. Other workers (15, 16) have reported an 
increase in blood copper in anemia after hemorrhage. In the 
present work we have continued to use the method of Fischer and 
Leopoldi (see (3)) for the determination of blood copper. In 
the case of the anemic dogs, before therapy was begun, the levels 
ranged from 20 to 40 micrograms per 100 cc. of blood (see Table 
I). It can be seen from Table I that there was an immediate 
rise in blood copper in all of the dogs, whether they received 
copper therapy or not. The dogs which received iron and no 
copper showed an increase in blood copper which was only tem- 
porary and within a week had begun to fall back to the anemic 
level. This was also true for the dog which was receiving only 
0.5 mg. of copper per day. 

This observation when compared with findings previously 
reported for pigs (3) indicates that these dogs had a small reserve 
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of copper which was capable of being mobilized. The anemia 
was primarily an iron deficiency as is demonstrated by the fact 
that Dog 1 which was given copper alone produced almost no 
hemoglobin, while Dogs 3 and 4, on iron alone, produced appre- 
ciable amounts of hemoglobin as will be shown in the next section. 
The dogs which received 2 mg. of copper per day maintained their 
blood copper fairly well at levels above 100 micrograms per 100 ce. 


Tasie I 
Copper Content of Dog Blood during Treatment of Nutritional Anemia 
































Dog 1 Dog 3 | Dogs | Dogs | Dog6 | Dog? 
Date salieciie 
Micrograms Cu per 100 cc. blood 
Oct. 12 40 2 | 29 | SA Mobs 
“ 19 20 | 13 “= ee a 
% ay Therapy “SG 
/15 mg. F Fe +| 
2 mg. Cu 90 mg. Fe | 30mg. Fe | "3h Cu" 2 ee 
Oct. 23 | 145 101 | 106 | | 156 | 4131 
“ 9 133 61 88 72 | 48 | 123 
Nov. 4 156 71 59 104 | 78 162 
“ 16 108 42 | 59 8 | 49 | 
Dec. 1 77 52 | 14 4 | 42 | 2064 
20 mg. Fe | | | 
a | | 
oo 8 60 
“ 91 118 125 38 1606] «618 | ss 
Jan. 12 154 41 85 215 | 29 | 185 
Feb. 2 165 40 42 | 9 | 105 











Hemoglobin Regeneration 


We were surprised at the slow rate of hemoglobin regeneration 
which occurred in the dogs, since after 6 weeks of therapy all of 
the animals were still quite anemic. The blood samples had been 
taken rather frequently and were usually 25 cc. in volume and 
upon calculation it was found that they represented as much as 25 
per cent of the net hemoglobin production. The samples were 
taken much less frequently from the 6th to the 12th week of ther- 
apy and at the end of this time the hemoglobin had reached levels 
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of 11 to 13 gm. per 100 ce. Considerable growth had taken place 
during the 3 month period of therapy and this response together 
with the fact that the blood samples had been quite large made it 
seem undesirable to judge hemoglobin regeneration solely on the 
basis of the increase per unit volume of circulating blood. We 
decided therefore to calculate the hemoglobin content of the dogs 
at various times during the experimental period as well as to 
calculate the amount of hemoglobin which was withdrawn when 
blood samples were taken. For the first calculation it was neces- 
sary to know the blood volume of the dog. This we obtained by 
calculation, assuming the blood volume to be 8 per cent. Al- 
though this procedure is ope: to criticism, a few simple calcula- 
tions will show that our data cannot be seriously affected by the 
magnitude of the fluctuations in blood volume which probably 
did occur during the course of the ex, criment. In other words, 
the figures for total hemoglobin production are probably valid 
to within 15 per cent. This should be borne in mind when study- 
ing the tables. The values for hemoglobin per 100 cc. of blood 
are, of course, based on direct measurement. We have sum- 
marized the data on hemoglobin regeneration in Table II, which 
also includes the relation between the amount of hemoglobin 
formed and the amount of iron fed; that is, the per cent of the 
iron fed which appeared as hemoglobin. The amount of data 
which entered into Table II is so extensive that it cannot all be 
included in this paper. However, we have produced and cured 
hemorrhagic anemia in two of the dogs and the data on these 
dogs are given in more detailed form in Tables III and IV, which 
illustrate the method of calculating the absolute increase in hemo- 
globin as given in Table II, although the figures for hemoglobin 
removed by bleeding are somewhat condensed. 

It is apparent from Table II that the per cent of iron utilized 
for hemoglobin production was quite low in all cases of nutritional 
anemia, and with the exception of Dog 1 which produced hemo- 
globin rapidly when the iron was preceded by a period of copper 
therapy was probably not significantly different. The reason for 
the poor iron utilization is not fully apparent as yet; possibly it 
was due to insufficiency of copper in the dogs other than Dog 1, 
but if this were true one would expect to find greater differences 
in dogs receiving 2.0 mg., 0.5 mg., and no copper supplement. 
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The same line of thought would seem to indicate that the 
amount of iron was not the limiting factor. This leads to 
the possibility that all of the dogs were deficient in some factor 
which is as yet unknown. Finally there is the possibility that 
an appreciable amount of the iron was being used for the syn- 
thesis of organic iron compounds other than hemoglobin. If 
this were the case, one might expect to find a better utilization of 
iron for hemoglobin formation in animals which have ceased to 
grow and have been made anemic by hemorrhage, although such 
an observation would not prove the argument. 


TasB_e II 


Calculated Amount of Hemoglobin Regeneration on Various Combinations of 
Iron and Copper 


The blood volume was assumed to be 8 per cent (see the text). 























: Calculated total Hb | Fe fed — appeared 
Dog No. ee ie tet) Ms cme > on 
0-6 wks, | 6-12 wks. | 0-6 wks. | 6-12 wks, 
gm. gm. per cent per cent 
1 2 mg. Cu | 6.6 | 
30 “ Fe added 100.7 | 27.2 
3 jo « 44.1 58.4 | 11.9 15.8 
5 5 “ “ +2 mg.Cul 66.5 21.9 | 36.0 11.8 
6 a owe. ™ 50.3 | 65.7 13.6 17.8 
7 acne ot telliealllllied Me 43.4 | 11.0 | 11.7 











Anemia Due to Hemorrhage 


The first dog (No. 2) which was made anemic by bleeding was 
brought down to between 6.0 and 7.0 gm. of hemoglobin by severe 
bleeding and was allowed to come to weight and hemoglobin 
equilibrium for several weeks, during which the hemoglobin pro- 
duction was very low (Table III). On March 15, the 36th week 
of the experiment, the dog was placed on iron therapy for a period 
of 4 weeks. During this time the hemoglobin production was 
rather low and the per cent of iron fed which appeared as hemo- 
globin was very low. The blood copper, which had fallen to 34 
micrograms per 100 cc., responded to iron in the manner pre- 
viously noted in nutritional anemia, but the rise in blood copper 
was very slight (to 58 micrograms) and began to fall after the first 
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sampling. 
of copper per day in addition to the iron, and the response was 


Taste III 
Hemoglobin Production of Dog 2 
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At the end of the 4th week the dog was given 4 mg. 


during Production and Treatment of Nutri- 
tional Anemia and Anemia after Hemorrhage 











| l l a 
wine | | mp | uae | ia | Rbea| Copa | ma 
Date . | Weight| RP | total | moved) , Cu 
a Blood ita ite. | Deed: | 1 er | Fe | 10% 
| dog | ing x | Total tf | fed . 
1937 wks. kg. | gm. | gm. te ce. gm. | gm. | gm. pA —— 
July 20} 2 | 3.28] 7.05| 18.50| 6 0.39 
Aug. 24 | 7 | 4.88, 5.22) 20.37] 35 | :. 50) 2.26) 0.45) 
“ 24 Placed on therapy; 20 mg. Fe + 1 mg. Cu + 1 mg. Mn per 
day 
Oct. 12 | 14 | 12.48] 11.49/114.7 | 310 | 32.37/97.8 |13.97/29.4 
“12 Taken off therapy 
1938 | 
Jan. 11 27 16.81; 8.20)110.3 | 728 | 53.61/28.0 | 2.15 
S. 2 Severe bleeding begun 
Feb. 2 30 Thatta 6.31! 76.2 | 170 | 11.21/19.5 | 6.50 62 
“ 92] 33 | | | | 49 
Mar. 15 36 | 14.27) 6.45) 73.6 | 25 1.61) 8.6 | 1.43 34 
“15 | Placed on therapy; 30 mg. Fe + 2 mg. Mn per day 
“ 22 | 37 | 15.83) 6.46) 81.8 | 25 1.62 9.8 | 9.8 /15.9 58 
Apr. 5 39 16. 71| 7.65)102.3 | | 25 1.91/22.1 |11.05,17.9 53 
“ 12] 40 | 16.49, 7.91/104.3|) 12 | 0.95 3.913.9163 46 
“12 | Shifted to 30 mg. Fe + 2 mg. Mn + 4 mg. Cu per day 
- we 41 17.61! 9.07|127.8 10 1.36/24.5 (24.5 |39.8 86 
= oy 42 18.09) 10.52)152.2 10 1.05 25.8 (25.8 |41.8 | 100 
May 3) 43 | 18.91| 11.51/174.1 | 10 | 1.15/23.0 |23.0 /40.1t 
a 44 19.21, 13 .32|204 .7 10 1.33/31.8 31.8 51.6 | 92 
ie 45 19.35) 15.101233.9 10 1.51:30.5 |380.5 (49.5 57 
“17 | Taken off therapy 
- we 46 | 19. 18| 15.55/238.8 10 1.56; 6.4 | 6.4 129 
June 8 | 48 | 19.12) 15.75240.9| 10 | 1.58] 3.7 | 1.85) 79 














* The interval is the period including any given “date up to but not in- 


cluding the following date. 
at one bleeding. 
t On 6} days of therapy. 


160 cc. were the maximum amount withdrawn 


striking. The hemoglobin production was from 25 to 30 gm. 
per week (average, 27) and the utilization of the iron fed was 
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from 40 to 50 per cent. After 5 weeks of therapy the hemoglobin 
had reached a level of 15.10 gm. per 100 cc. of blood, and therapy 
was discontinued. Concomitantly with the increased hemo- 
globin production, the blood copper rose rapidly from a level of 
46 to a level of 158 micrograms per 100 ce. 

The case of Dog 4 is also quite interesting. This animal had 
shown considerable hemoglobin regeneration on iron alone, al- 
though the iron utilization was very poor and the rate of regenera- 
tion was very slow. The rise in blood copper which occurred at 
that time indicated that the animal was not completely deficient 
in copper. After 3 months of iron therapy the hemoglobin had 
reached 12.00 gm. per 100 cc. As soon as therapy was discon- 
tinued, the hemoglobin level ceased to rise and remained constant 
for 6 weeks. At the end of this period the dog had been on a 
whole milk diet for 33 weeks and was 39 weeks old. During the 
following week, blood was withdrawn three times in amounts of 
65, 85, and 38 cc. The next blood sample was taken 6 weeks 
later and we were surprised to find that the hemoglobin was at 
the extremely low level of 3.09 gm. per 100 ec. of blood. Calcula- 
tion showed that during the 6 week interval the dog had lost 
80.68 gm. of hemoglobin which could not be accounted for on the 
basis of blood withdrawn (see Table IV). All of the other dogs 
maintained their hemoglobin at approximately the same level at 
which therapy was discontinued, with a very slight fall in the 
hemoglobin level, and a slight hemoglobin production. For 
example, Dog 3, which had been given therapy identical with that 
of Dog 4 during the treatment of nutritional anemia, ended that 
treatment at a level of 10.76 gm. of hemoglobin per 100 ce. of 
blood. 23 weeks later the hemoglobin level had only fallen to 
10.45 gm. per 100 cc. in spite of the fact that no therapy had been 
given during this time. Calculation showed a net hemoglobin 
production of 1.57 gm. per week, equivalent to 0.8 mg. of iron per 
day. Dog 4 was fed ad libitum for about half an hour morning 
and night (to prevent spillage) during the period of rapid fall, 
whereas the other dogs had milk before them at all times. It 
is difficult to see how this would explain the loss in hemoglobin, 
however. After two successive low readings Dog 4 was given 
30 mg. of iron per day for 5 weeks. During this period the hemo- 
globin regeneration was very poor and the average weekly pro- 
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duction was only 10.0 gm. per week, equivalent to 16 per cent of 
the iron fed. This is similar to the record made by the same dog 
when the same amount of iron was given during the treatment of 
the nutritional anemia. The hemoglobin production in the second 


TaBLe IV 


Hemoglobin Production of Dog 4 during Production and Treatment of Nutri- 
tional Anemia and Anemia after Hemorrhage 


| 
| 








| 3 | «2 | Calculated total Hb 
2 Hb | Caleu- ee Bs | production Blood 
g¢ | | lated | B& | | cC 
Date 8 | Weight | 10) cc total | ES | g3 | oat 
c in - | | 
es | blood | “dog | Be oe | Total | Per wk. ne | 100 ce. 
om | =a | e 
= | (‘a | 
am > 
1937 = gm. ce. | gm gm gm fat 4 
July 20 2| sed rad 23.08 62 | 3.38 


Oct. 19} 15 | 9.34] 4.96] 37.06] 125 | 6.79] 17.36 1.33 13 
* 19} Placed on theveny: 30 mg. Fe + 2 mg. Mn per day 
Nov. 30; 21 | 12.84) 7.01) 72.01; 50 | 4.0 | 41.74 6.96 8.8 14 
1988 | 
Jan. 11 | 27 | aa 12.00) 139.49, 60 | 7.16 71.48) 11.9019.3 
“ 11| Taken off therapy 
Feb. 22| 33 | 14.44 11.70) 135.16, 198 |21.01 2.83; 0.47 
Apr. 20| 41 | 13.54 3.09] 33.47| 14 | 0.43|—80.68|—10.08 32 
** 20 | Placed on therapy; 30 mg. Fe + 2 mg. Mn per day 
“ 27} 42 | 13.01) 4.30) 44.75) 10 | 0.43) 11.71/ 11.71)19.0) 41 
May 4)| 43 12.42) 4.85 54.73 10 | 0.48) 3.87) 3.87, 6.3) 31 





“ 11} 44 13.82) 4.95) 54.73) 10 | 0.50) 7.02) 7.0211.4) 
* 18}; 45 | 14.50) 6.95) 80.62); 14 | 0.97) 26. 39) 26.39/42. 7| 34 
* 25 | 46 | 14.75) 7.14) 84.25) 10/| 0.71) 0.97; 0.97, 1.6) 30 





“ 25) Shifted to 30 mg. Fe + 4 mg. Cu per day | 

June 1| 47 | 14.86 11.75| 139.68) 10 a 56.14] 56.14191.01 76 
“ g| 48 | 15.78) 13.65) 172.32) 10 1.37 33.82, 33.8254.8 81 
“ 15) 49 | 16.27} 14.72| 191.60! 10 | 1.47) 20.65 20.65)33.5 89 
“ 15| Taken off therapy | 
“ 22) 50 | 16.49) 15.63) 206. 19 10 | 1. 56 16.06 16.06. | 113 


* See Table ll. 














period of iron therapy was, however, very erratic and during 1 
week actually rose to 26 gm. After 5 weeks of iron alone the 
hemoglobin level was only 7.14 gm. per 100 cc. At this time the 
dog was given 4 mg. of copper per day in addition to the iron and 
the hemoglobin level rose rapidly to 14.72 gm. per 100 cc. of blood 
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in the next 3 weeks, and therapy was discontinued. During this 
period the average weekly production was 36.9 gm. of hemoglobin. 
It is possible that the high conversion figure of 91.0 per cent ob- 
tained during the 1st week of copper therapy is not to be regarded 
as the true value for the efficiency of the conversion of iron into 
hemoglobin, since at this time the animal may well have accumu- 
lated iron reserves in its liver during the previous period of iron 
alone, as is the case in rats (12). The fact remains that the addi- 
tion of copper resulted in a high rate of hemoglobin production 
after two successive periods of iron without copper had given 
slow rates of hemoglobin production. 

The blood copper values in the case of Dog 4 followed the same 
pattern as in the case of Dog 2, although the rise in copper when 
iron was fed was very slight. When copper was fed, the blood 
copper rose from a level of 30 to a level of 113 micrograms of 
copper per 100 ce. The blood copper values attained by both 
dogs were lower than those which might be considered normal 
values and may indicate that the dogs needed more than 4 mg. of 
copper per day. 

The hemoglobin production of Dogs 2 and 4 on 30 mg. of iron 
and 4 mg. of copper per day is of about the same magnitude as 
the highest which we have seen in the literature, and is indirect 
evidence that dogs which have been made anemic by hemorrhage 
require only milk plus iron plus copper for optimum hemoglobin 
regeneration. Our results compare very closely with those of 
Fontes and Thivolle (8) who fed 50 mg. of Fe, 3.3 mg. of Cu, and 
6.6 mg. of Mn all in the form of globinates, plus 80 mg. of globin, 
12.5 mg. of tryptophane, and 25 mg. of histidine per day to a dog 
maintained on a diet of milk, rice, and yeast, and made anemic by 
hemorrhage. They reported a net hemoglobin production of 
22 gm. per week during the period of therapy, as compared with 
the 27 and 36 gm. per week which we obtained. Fontes and 
Thivolle reported a weekly production of 18 gm. of hemoglobin 
on 600 gm. of calf liver per day, using the same dog which was 
mentioned above. The conditions employed by Fontes and 
Thivolle and by us are not strictly comparable with those of 
Whipple, since he maintained his dogs at a constant level of low 
hemoglobin by continual heavy bleeding, while we produced anemia 
by hemorrhage but withdrew only sufficient blood for analysis until 
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the anemia was cured. Whereas the anemia produced by Whipple 
is a truly hemorrhagic anemia, the anemia which we produced in 
the second instance in Dogs 2 and 4 was probably essentially a 
nutritional anemia, since the bleedings were merely a means of 
bringing the animals to the anemic state, and the equilibration 
period allowed the animal time to resynthesize blood elements 
which did not require iron or copper. 


DISCUSSION 


The data on blood copper which are already in the literature 
(4), coupled with our own observations, make it seem likely that 
a rise in blood copper is associated with an increased hemato- 
poietic activity. Sachs (16) has reported several studies in which 
he was led to this same conclusion. In all of his work there were 
apparently appreciable stores of both iron and copper; conse- 
quently hemorrhage was followed by a period of rapid hemoglobin 
regeneration, and a rise in blood copper was observed. 

In the present work, dogs which were made anemic by simply 
excluding iron and copper from their diet showed a temporary 
increase in blood copper when iron alone was fed, and this increase 
was associated with a measurable amount of hematopoiesis. It 
is to be noted that the increased blood copper was not associated 
with anemia or with a low iron content in the blood but rather 
with the administration of iron; t.e., copper was mobilized only 
when hematopoiesis was made possible by giving iron to an iron- 
deficient animal. In the case of Dog 1, which was given copper 
alone, the blood copper rose to normal levels but began to fall 
again as the anemia continued. But as soon as iron was given, 
the copper was mobilized and the blood copper rose from a level 
of 60 micrograms per 100 cc. to a level of 165 micrograms per 100 
ec. Apparently the important point is that an increase in blood 
copper will occur whenever copper reserves are available and are 
needed. It has already been pointed out that the normal rate of 
hemoglobin formation is characterized by a definite level of blood 
copper which is probably in excess of 100 micrograms per 100 ce. 

In the light of the theory regarding copper mobilization, the 
data of Schultze,-Elvehjem, and Hart (3, 4) become increasingly 
significant. They found that in iron and copper deficiency in 
pigs the blood copper fell to extremely low levels. However, 
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Pigs 3 and 7 had levels of 98.5 and 79.8 micrograms of copper per 
100 ce. of blood after 14 days of iron therapy (see Table V). It 
was suggested that the pigs in one litter (Pigs 1 to 8) were pri- 
marily iron-deficient and that the animals were not completely 
copper-deficient. This is borne out by the fact that their livers 
originally contained relatively large amounts of copper. Actu- 
ally the levels in Pigs 1, 2, and 4 appear to be abnormally high, 
since litter mates (Pigs 6 and 8) after iron and copper had much 
less copper in their livers. 


TABLE V 
Mobilization of Copper in Anemic Pigs 
These data are from Schultze, Elvehjem, and Hart (3, 4). 
iC 1.2 
iry liver  |100ce. blood 























Pig No. Treatment | dry liver |100ce 
ie ore micrograms 
1 Died from anemia 74.9 
2 ~ ™ a 102.5 
4* ae ae oe 42.1 
3 25 mg. Fe, 14 days 17.9 98.5 
7 2s Srekbc 10.2 79.8 
5 2 ‘* Cufor7 days + 4 mg. Cu for7 more 81.4 206.0 
days 
6 25 mg. Fe + 2 mg. Cu, 7 days | 26.4 231.0 
8 |e“ “496 «& g « | 24.1 | 224.0 





* Erroneously called Pig 3 in an earlier paper (3). 


If we accept for the present the theory that copper reserves are 
mobilized into the blood whenever hematopoiesis occurs, it is 
appropriate to inquire from whence they come. A partial answer 
to this question is indicated from the data referred to above 
(Table V). Pigs which died in the anemic state early in the ex- 
periment had high levels of copper in their livers. Litter mates 
placed on iron alone showed blood copper levels which were rela- 
tively high and indicated that a source of copper was available 
and was being mobilized. That the source may have been the 
liver is indicated by the fact that the copper content of the livers 
of the animals fed iron was abnormally low. The pig which was 
fed copper alone showed an increased copper content in both blood 
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and liver, while the pigs fed iron and copper showed high blood 
copper and intermediate values for the liver. 

The next question is what becomes of the copper after it is 
mobilized, and the answer to this is still quite obscure. The most 
likely place is the red bone marrow, as had been suggested by 
Sarata (17), although the work of Schultze et al. does not indicate 
any significant change in the copper content of the marrow. 
Another possibility is the spleen, as the work of Hahn and Fair- 
man (18) might indicate. There is also the possibility that the 
copper does not accumulate in any organ but that there is a rapid 
turnover followed by a loss of bodily copper. The rise in blood 
copper which occurred when iron was fed to Dogs 2 and 4 after 
hemorrhage was so slight that their reserves must have been ex- 
tremely low. It is apparent that these dogs were both quite 
depleted of copper, and the copper content of blood is so low that 
only a small amount of copper could have been accounted for in 
the drawn blood. It is known that hemorrhage mobilizes copper 
into the blood stream (16). It will be highly important to as- 
certain whether or not this copper is lost from the body at an in- 
creased rate after it is mobilized into the blood. In dogs which 
are maintained in a state of severe anemia, the impetus to mobi- 
lize copper into the blood must be very great. It remains to be 
seen whether or not they are efficient in conserving the copper 
thus mobilized. 

The most striking result of the work thus far has been the con- 
trast between the rate of hemoglobin formation in the growing 
dogs and in two of the same dogs after the period of rapid growth 
had been passed and anemia had been produced by hemorrhage. 
It seems unlikely that there was any fundamental difference in 
the two anemias, since although the second anemia was produced 
by hemorrhage the bleeding was not as extensive as that used by 
Whipple.- It also seems unlikely that the higher level of copper 
which was fed in the cure of the anemia due to hemorrhage was 
responsible for the increased rate, since pups from a second litter 
were given 20 mg. of iron and 2 mg. of copper which on a per 
kilo basis was comparable to the 4 mg. of copper fed to Dogs 2 
and 4, and their hemoglobin regeneration rate was similar to that 
first observed. Nor was the increased weight of the dogs sufficient 
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to account for the difference. The most obvious point is the fact 
that in the first instance the dogs were younger and were growing, 
while in the later experiment the dogs were nearing maturity, 
although they showed considerable weight gains when placed on 
therapy. 

The records of Dogs 2 and 4 seem to indicate quite definitely 
that the canine species requires copper for the regeneration of 
hemoglobin. This has been questioned by Hahn and Whipple 


(19) in a recent publication. Speaking with reference to copper , 


they state, “it has not been demonstrated to be lacking in any con- 
dition except nutritional anemia in rats, and so cannot be con- 
sidered in any way as a limiting factor in the anemia of dogs due 
to blood loss or in secondary anemias of human beings generally.” 
Although the logic of this statement is questionable per se, it 
becomes doubly so in view of the fact that copper deficiencies 
have been produced experimentally or observed under natural con- 
ditions in a number of species including chickens (20), pigs (21), 
rabbits (22), sheep (23), and cattle (24). These papers have 
been in the literature for some time. It seems likely that the 
copper catalysis of hemoglobin synthesis is a fundamental bio- 
logical phenomenon. Experimental work on the mechanism 
of the catalysis provides methods of determining whether or 
not this fact is of practical significance. 

Hahn and Whipple further state that, “no investigator has 
reported any condition of copper deficiency in man or dog.” 
Yet in a review (25) on hemorrhagic anemia it was stated that, 
“copper exerts but a very moderate influence permitting regenera- 
tion of hemoglobin only to slightly less than one-half of the 
amount manufactured during iron medication of equivalent 
dosage.”’ Thus results in the Rochester laboratories have shown 
that the feeding of copper results in a hemoglobin production 
above the basal level. It is obvious that this response would be 
limited by the amount of other factors such as iron which might 
be present in the basal diet. We feel that the addition of an es- 
sential dietary factor to an already adequate diet will not result 
in a response. Conversely the occurrence of a specific response is 
evidence per se that the diet is inadequate in the given factor. 
Sturgis and Farrar (26) have reported that when they duplicated 
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the conditions employed by Whipple they found that dogs on the 
basal diet received from 1.0 to 1.5 mg. of copper per day, while a 
dog on liver received 7.0 to 8.0 mg. of copper per day. They 
pointed out that when comparing results with liver with results 
on the basal diet it would be desirable to equalize the copper and 
iron intake of the experimental animals, although their work was 
not continued to that point. 

The results with Dogs 2 and 4 indicated that the per cent 
utilization of iron was greater when copper was fed with the iron. 
This does not mean that the iron is more available when copper is 
present than when it is lacking. The terms “per cent avail- 
ability” and “‘per cent utilized” should not be confused. When 
Hahn and Whipple stated that the availability of iron salts falls 
off rapidly when 10 times the optimum dose is given, it appears 
to us that they should have referred to the per cent utilization. 

We feel that there is still much to be learned in regard to the 
copper and iron requirements of the anemic dog, and further, 
that the requirements may differ in different types of anemia. 
But they can only be properly evaluated if all the other dietary 
factors are present. If liver contains organic dietary factors 
which are not present in milk but are needed for the cure of hem- 
orrhagic anemia in dogs, attempts to isolate these organic factors 
should be carried out with the effect of the iron and copper con- 
tent of the liver preparations eliminated by the inclusion of ade- 
quate amounts of iron and copper in the basal ration. On the 
other hand, if the effects of iron or copper or both are to be stud- 
ied, it would seem desirable to use a diet which contains the min- 
imum amount of these elements and the optimum amount of all 
other dietary factors. We feel that the milk diet which we have 
employed facilitates both lines of investigation. At present we 
are leaving the question open as to whether or not milk supplies 
all factors except iron and copper in the case of the anemic dog. 
We wish to emphasize that it is entirely possible that dogs with 
hemorrhagic anemia may require factors which are present in 
liver but not in milk, and that these factors may not be needed 
for the cure of nutritional anemia. However, we feel that the 
principles outlined above will apply in any anemia study. We 
feel that it is highly desirable to integrate the results of various 
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techniques which have been used for the study of anemia, since 
the same fundamental principles must underlie the formation of 
hemoglobin and red blood cells in all cases. 


SUMMARY 


1. An attempt has been made to begin the integration of the 

conclusions drawn from the nutritional anemia studies with rats 
in our laboratory and the conclusions drawn from hemorrhagic 
anemia studies with dogs. 
* 2. Growing dogs were placed on milk diets with the rigid ex- 
clusion of iron and copper. After anemia had developed the dogs 
were placed on various combinations of iron and copper, the high- 
est of which was 30 mg. of iron and 2 mg. of copper per day. The 
rate of hemoglobin regeneration over a period of 3 months was at 
such a rate that it was felt that either the levels of iron and copper 
were too low, or that a third and unknown factor was lacking. 

3. After the hemoglobin levels had approached normal, therapy 
was discontinued, and two of the dogs were made anemic by bleed- 
ing, while the remainder of the animals was maintained on whole 
milk alone. The anemic dogs were apparently well depleted of 
both iron and copper, and were virtually unable to form hemo- 
globin on the diet of milk alone. The dogs which were not bled 
appeared able to maintain their hemoglobin levels on an extremely 
low intake of iron and copper on the milk alone. 

4. The dogs which were made anemic by bleeding responded 
poorly to a daily dose of 30 mg. of iron alone, but when 4 mg. of 
copper per day were given in addition, the hemoglobin regenera- 
tion proceeded very rapidly. 

5. It is concluded that the canine species should be included 
among those which require copper for hemoglobin regeneration, 
and that the need for copper for hemoglobin synthesis is probably 
a general biological property. 

6. Blood copper determinations showed that an increase in 
blood copper is associated with accelerated hematopoiesis. 

7. Dogs were maintained for over a year in a state of excellent 
nutrition on a diet of whole milk with additional vitamin A and 
vitamin D, with iron or copper, or both fed during periods of 
therapy. 

8. The implications of the results are discussed at length. 
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We are indebted to Mr. Simon Black for the copper analyses 


reported here. This aspect of the work is given in a Bachelor of 
Science Thesis prepared by Mr. Black. 
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In 1931 Anderson and Kinsman (1) found that the hemicellulose 
from cottonseed hulls contained d-glucuronic acid, d-xylose,' 
and a material of unknown composition which they called body 
X. They suggested that the d-glucuronic acid and body X oc- 
cupied extreme positions in the hemicellulose molecule, while the 
xylan made up the middle portion. They also suggested that the 
hemicellulose might be combined with cellulose by an ester linkage. 

Norman (2) has summarized recent work on the hemicelluloses 
and their relation to cellulose, lignin, and pectin. He points out 
((2) p. 97) that present views of the structure of cellulose are 
not compatible with the idea of a linkage between structural cellu- 
lose chains and other large molecules. He suggests ((2) p. 62) 
that hemicelluloses are combined with lignin. He also points out 
((2) p. 169) that treatment of plant materials containing lignin 
and pentoses with acids may lead to the formation of dark colored 
condensation products of lignin and furfural. He correctly sug- 
gests ((2) p. 47) that the body X described by Anderson and Kins- 
man might be such a product. 

The hemicellulose from cottonseed hulls is apparently less 
complex than most such substances. If it could be freed from the 
dark body, it would be a very suitable representative of this class 
for study. This fact led to the present investigation. 


1 Anderson and Kinsman reported the presence of I-xylose. The natu- 
rally occurring form of xylose was formerly called [-xylose but is d-xylose. 
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EXPERIMENTAL 


Isolation of Hemicelluloses—Slight modifications of the method 
described by Anderson and Kinsman (1) were used in the isola- 
tion of the hemicelluloses. After thorough extraction of the cot- 
tonseed hull bran with boiling acetone, ethanol, and water it was 
extracted twice, each time for 48 hours, with a cold 5 per cent solu- 
tion of sodium hydroxide. The combined alkaline filtrates were 
made slightly acid with hydrochloric acid and the water-insoluble 
Hemicellulose A was centrifuged out. Water-soluble Hemicellu- 
lose B was precipitated from solution by addition of ethanol. 
The two hemicelluloses were washed thoroughly with dilute eth- 
anol. The total yield was approximately 25 per cent. The 
separation of the two portions of the hemicellulose is not sharp. 
Each portion is still a mixture whose composition varies with the 
exact procedure followed. 

Chlorination of Hemicelluloses—After analysis the two hemi- 
celluloses were dissolved separately in 30 times their weight of a 5 
per cent solution of sodium hydroxide and centrifuged from traces 
of insoluble material. The solutions were made slightly acid with 
hydrochloric acid, and chlorine gas was passed into the solution 
for 30 minutes. Equal volumes of ethanol were added to the solu- 
tions and the purified Hemicelluloses Al and B1 were centrifuged 
out and washed free of chlorides with dilute ethanol. They were 
still faintly colored. 

A part of the chlorinated X body was precipitated from the 
ethanol solution by addition of water. When heated with 12 per 
cent hydrochloric acid, it gave some carbon dioxide but only a 
trace of furfural. This body will be investigated later. 

Since a single chlorination does not remove all of the X body, 
the procedure just described was repeated separately on Hemi- 
celluloses Al and B1. The resulting Hemicelluloses A, and By 
were perfectly white. 

Analysis of Hemicelluloses—The uronic acid was determined by 
the method of Lefévre and Tollens (3). Xylan was determined by 
distillation with 12 per cent hydrochloric acid and precipitation 
of the furfural with phloroglucinol. Specific rotations were made 
by dissolving the hemicellulose in a 2 per cent solution of sodium 
hydroxide. The X body was determined by heating the hemi- 
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cellulose in a bath of boiling water for 17 hours with 25 times its 
weight of a 4 per cent solution of hydrochloric acid and filtering 
the insoluble material. The results obtained on analysis of the 
various hemicelluloses are given in Table I. 

An examination of Table I proves that a mixture of hemicellu- 
loses is present. Some of these are soluble in water and must have 
been combined chemically with some constituent of the cotton- 
seed hulls before treatment with sodium hydroxide. Hexose 
sugars are absent from the products isolated. On hydrolysis 
large amounts of d-xylose were obtained. No other sugar was 
found. The hemicelluloses seem to differ from each other merely 
in the length of the chain of xylan molecules. Numerous analyses 
of different preparations showed that the composition of the hemi- 


Tase I 
Analysis of Hemicelluloses from Cottonseed Hulls 





L . Xylan Usenie | X body | Total | [ a ole ae uronic 

| per cent per cent per cent percent | degrees | moles 
A | 85.5 7.46 7.3 100.26 16.7 
Al | 90.0 8.33 2.62 100.95 —88.5 | 16.0 
A2 90.0 7.46 0.00 97.46 | —91.2 | 17.6 
B 80.0 10.9 10.5 101.40 10.7 
Bl 86.0 11.4 1.8 99.20 —75 11.0 
B2 86.3 10.64 0.00 96.94 —73 11.8 

















celluloses obtained by fractional precipitation with ethanol varies 
with the relative amounts of water and ethanol used. In Hemi- 
celluloses A and B 1 molecule of glucuronic acid corresponds re- 
spectively to 189 and 186 gm. of X body. This suggests that the 
X body is a definite compound and that it is a constituent part 
of the hemicellulose. Qualitative tests indicated that the X 
body is not lignin. 

Bromination of Hemicelluloses—The X body, even in small 
amounts, apparently interferes with accurate analysis of the hemi- 
cellulose, probably by combining with some of the furfural, as 
suggested by Norman ((2) p. 169). At the same time analyses of 
the hemicellulose indicated that several chlorinations caused a 
slight decrease in the percentages of xylan and uronic acid. Since 
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bromine is less active than chlorine, its use, instead of chlorine, 
seemed advisable for removal of the X body. 

Hemicelluloses A and B, prepared as already described and 
chlorinated one time, were dissolved separately in 100 times their 
weight of a 4 per cent solution of sodium hydroxide. These solu- 
tions were filtered until perfectly clear and then made faintly 
acid with hydrochloric acid, and a slight excess of liquid bromine 
added. The solutions were allowed to stand at room tempera- 
ture for 24 hours. As the bromine color slowly disappeared, 
additional amounts of liquid bromine were added. Hemicellu- 
loses A and B were precipitated from the solutions by addition of 
alcohol. They were thoroughly washed first by dilute ethanol 


Taste II 


Analysis of Hemicelluloses from Cottonseed Hulls, after Treatment with 
Bromine Water 











i Xylan | Uronie acid Total | [«]e alee arom 

per cent per cent per cent degrees moles 
A 92.20 8.50 100.70 — 95.86 15.9 
Ai 92.23 8.60 100.83 | —91.49 15.6 
A: 90.70 10.00 100.70 | -—91.10 13.2 
B 87.24 11.77 99.01 — 80.48 11.0 
B, 90.31 12.39 102.70 —81.64 10.1 
B; 91.15 11.68 102.83 —77 .26 11.0 

















and later with strong ethanol, dried, and analyzed. The analyses 
of these Hemicelluloses A and B are given in Table II. 

Since Hemicelluloses A and B were still slightly colored, they 
were brominated a second time, as described above. In some 
cases it was necessary to brominate a third time before all the 
color disappeared. By solution in sodium hydroxide and acidifica- 
tion Hemicelluloses A and B were next separated into insoluble 
portions A,and B, and soluble portions Agand Bz. As would be ex- 
pected Hemicelluloses A; and B, were relatively large in amounts, 
while Az and B, were relatively small in amounts. The materials 
were perfectly white. Their analyses are given in Table II. 

Titration of Hemicelluloses with Standard Alkali—Accurately 
weighed samples, approximately 0.2 gm., of Hemicelluloses A and 
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B, which had been brominated, were heated in boiling water for 30 
minutes. A few drops of phenolphthalein solution were added 
and standard sodium hydroxide solution was titrated into the 
boiling solution until a faint pink color developed and remained 
for approximately 10 seconds. The per cent carbon dioxide cal- 
culated from this titration checked closely that determined by the 
method of Lefévre and Tollens. 

Longer boiling of the solution caused the disappearance of the 
original pink color. To give a permanent pink color after boiling 
for 10 minutes required approximately twice as much standard 
alkali as required by theory. 


SUMMARY 


The preparation, from cottonseed hulls, of perfectly white hemi- 
celluloses is described. The analyses and specific rotations of 
these substances are given. They are polyuronides of d-glucu- 
ronic acid and d-xylose in which 1 molecule of the acid is combined 
with from approximately 10 to 16 molecules of the sugar. 
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The discovery by Aschheim and Zondek (1) of the large amount 
of estrogenic activity in the urine of pregnant women led most 
workers to change from ovaries and placenta to the urine of preg- 
nancy as the source of estrogens. Less than 2 years elapsed 
between the finding of estrogens in urine and the isolation of the 
first crystalline estrogen, theelin (Doisy, Veler, and Thayer; 
Butenandt (2)). Since the most active preparations that pre- 
viously had been obtained from the ovary were less active than 
theelin, it was assumed by many investigators that the estrogenic 
activity of the ovary was due to this substance. However, in 
1935 MacCorquodale, Thayer, and Doisy (3) isolated dihydro- 
theelin from the liquor folliculi of sow ovaries. Since over 50 
per cent of the activity was obtained in the form of crystalline 
dihydrotheelin, it seemed that this compound might be the sole 
estrogen of the ovary. Later, utilizing the reagent developed by 
Girard and Sandulesco (4) for the separation of ketonic from 
non-ketonic substances, Westerfeld and Doisy (5) demonstrated 
the existence of a ketonic estrogen in sow ovaries. 

Girard’s reagent reacts with the ketones to form derivatives 
which are soluble in water and insoluble in ether; the non-ketonic 
estrogens are not altered by this treatment and can be separated 
from the ketonic derivatives by extraction with ether. After 
this separation, the ketones can be regenerated by hydrolysis and 
obtained in the free form. 

* The data of this paper were taken from a dissertation presented by 


W. W. Westerfeld in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy. 
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This separation, which was carried out on the phenolic residue 
obtained by the purification of an extract of sow ovaries, gave 20 
rat units of ketonic and 220 rat units of non-ketonic activity per 
kilo of whole ovaries. The ketonic nature of the “ketone’”’ fraction 
was confirmed by a second treatment with Girard’s reagent and 
by the inactivation of this fraction upon treatment with semi- 
carbazide. 

The estrogen in the ketonic fraction was identified as theelin 
by the comparison of the behavior of this fraction and of pure 
theelin when both were examined by a number of characteristic 
reactions. These tests included (1) reduction of the ketonic 
fraction both with hydrogen in the presence of a platinum catalyst, 
and with sodium and alcohol; (2) determination of the partition 
ratio between 70 per cent alcohol and benzene for the ketonic 
fraction; (3) determination of the ratio of rat and mouse units 
for the ketone; (4) determination of the partition ratio of the 
estrogen after reduction of the ketonic fraction; and, (5) deter- 
mination of the ratio of rat and mouse units after reduction of 
the ketone. 

The reduction of theelin with a platinum catalyst resulted in 
the formation of a-dihydrotheelin with an 8-fold increase in 
activity. This same increase in activity was obtained by a 
similar reduction of the ketonic fraction from the ovary, while 
the activities of equilin and equilenin were not appreciably affected 
by such treatment. 

When partitioned between 70 per cent alcohol and benzene, 
the activity of the ketonic fraction was found to be divided in 
the ratio of 1:2.5. This is essentially the same ratio given by 
theelin and equilin, but differs markedly from the 1:6 ratio for 
equilenin. After reduction of the ovarian ketone, it partitioned 
in the 1:1 ratio that is typical of dihydrotheelin. 

The ovarian ketone gave a ratio of rat unit to mouse unit of 
15.5:1, while after reduction this ratio fell to 3.6:1. Both of 
these values are in good agreement with the respective ratios of 
13:1 for theelin and 3:1 for dihydrotheelin. This ratio was 
found to be 8:1 for equilin and 1:1.5 for equilenin. 

The evidence obtained by these methods clearly indicates that 
theelin is the principal ketonic estrogen in sow ovaries. Both 
equilin and equilenin were eliminated as possibilities by the results 
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obtained, and it is exceedingly improbable that any other com- 
pound could behave as theelin in each of the five respects described. 
Similar data were obtained for the ketonic estrogen in human 
placenta, identifying this estrogen also as theelin. Subsequent 
to these studies we have separated with Girard’s reagent the 
ketonic fraction from an extract of human placenta, and have 
succeeded in isolating the major portion of the ketonic activity 
as pure crystalline theelin. We thus have a direct confirmation 
of the accuracy and reliability of these methods. 

The relative proportions of ketonic and non-ketonic activities 
in the extract (220 rat units of non-ketonic to 20 rat units of 
ketonic) may have created a misleading impression of the actual 
amounts of these two substances present. The identification of 
the non-ketonic activity with dihydrotheelin and the ketonic 
activity with theelin has made it possible to calculate the actual 
weight of each estrogen present. This has been found to be 
0.010 mg. of theelin and 0.014 mg. of dihydrotheelin per kilo 
of whole ovaries. On an actual weight basis the ketonic estrogen 
constitutes 40 per cent of the total weight of these two estrogens 
in the ovary. 


EXPERIMENTAL 
Separation of Ketonic and Non-Ketonic Estrogens 


Study of Solutions of Crystalline Theelin and Dihydrotheelin 
Studies of mixtures of theelin and dihydrotheelin of known com- 
position have indicated that in the separation by Girard’s Reagent 
T the most likely error is an incomplete recovery of the ketonic 
estrogen (Table I). The separation is fairly accurate and the 
ketonic fraction that is obtained is truly ketonic in nature but 
only 70 to 90 per cent of the total ketones may actually be present 
in this fraction. 

Confirmation of the results for the ketonic fraction was obtained 
by treating this fraction with semicarbazide. This treatment 
removes the estrogenic activity of theelin, but has no effect on 
the activities of such non-ketonic estrogens as dihydrotheelin 
and theelol. 

Separation of Ketonic Estrogen in Sow Ovaries—The separation 
of ketonic from non-ketonic substances by Girard’s reagent was 
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carried out on two ovarian extracts. The first was an extract 
of the “residual tissue” of sow ovaries from which the liquor 
folliculi and corpora lutea had been removed. This tissue was 
mainly interstitial tissue but also contained all of the follicle 
_ walls and many small follicles. The second extract which was 
studied was prepared from whole ovaries that contained many 
large follicles. Postmortem changes were minimized in the 
latter case by obtaining the ovaries from the packing house soon 
after slaughter; they were hashed with a meat grinder and im- 
mediately stirred with 2 volumes of 95 per cent alcohol. 


TaBLe | 
Control of Methods; Girard’s Reagent 
aoe uel 























Substance tested 
Vp \piiieaied Non-ketones Ketones 
Dihy- ’ recovered recovered 
Type of solution dro- | Theelin 
theeljn 
rat units | rat unite | rat unite -_ cent | rat units | aap out 
Crystals in alcohol......... 870 3 0 865 | 100 
os - _ ee Cees 720 700 97 5 0 
Urine extract............. 300 180 360* | 120 130T | 72 
a vg eS 300 | 250 350t| 117 | 210 | 84 
‘“‘Unknown”’ in alcohol.....| 8800 240 | 8500 | 97 210 | 8&8 








82 170 | 70 


4 ™ cubes ee 240 1800 





* Extract after treatment with semicarbazide, 350 rat units. 
+t Extract after treatment with semicarbazide, 11 rat units. 
t Extract after treatment with semicarbazide, 340 rat units. 


Both extracts were prepared as follows: The hashed tissue was 
extracted several times with hot 95 per cent alcohol; the alcohol 
was distilled and the residue leached with ether. Phospholipids 
were removed from the ether extract by precipitation with 2 
volumes of acetone; the ether-acetone filtrate was distilled and 
the residue was dissolved in 95 per cent alcohol. Water was 
added to dilute the concentration of alcohol to 70 per cent, and 
the cholesterol fraction was removed by extraction with low boiling 
petroleum ether. The alcohol was distilled from the aqueous 
phase, and the resulting sludge was extracted with ether. Estro- 
gens were removed from the ether by thorough extraction with 
0.5 n NaOH. The alkaline solution was acidified and extracted 
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with ether, and the acidic substances were washed from the extract 
with 5 per cent sodium carbonate and water. The phenolic 
residue obtained by distillation of the ether was dissolved in 
absolute alcohol and treated with Girard’s reagent. 

From both extracts a small amount of a ketonic estrogen was 
separated by this treatment. On a per kilo basis the residual 
tissue yielded 15 rat units of ketonic estrogen and 300 rat units 
of non-ketonic estrogen; the values for the whole ovary were, 
respectively, 20 and 220 rat units. Moreover, this ketonic estro- 
gen was present in an extract of liquor folliculi remaining from 
our earlier work in which the a-dinaphthoate of dihydrotheelin 
had been isolated. 

A second treatment with Girard’s reagent of 360 rat units of 
the ketonic fraction, previously separated by the same reagent 
from the extract of whole ovaries, gave a complete recovery of 
the estrogen in the ketonic fraction. Less than 20 rat units were 
found in the non-ketonic fraction, the remainder having reacted 
a second time with Girard’s reagent, to be recovered again with 
the ketones. 

The ketonic fractions separated from both ovarian extracts 
lost their estrogenic activity when treated with semicarbazide. 
Such treatment reduced the activity of a preparation from 670 
mouse units to less than 50 mouse units. This was a true in- 
activation, undoubtedly due to the formation of the semicarbazone 
derivative, for the equivalent of 530 mouse units was restored 
by acidic hydrolysis of an aliquot. When applied to the extracts 
before fractionation with Girard’s reagent, the semicarbazide 
treatment had no demonstrable effect on the estrogenic activity, 
since only 5 to 8 per cent of the total rat units was due to the 
ketonic estrogen. 


Identification of Ketonic Estrogen 


Only four naturally occurring phenolic and ketonic estrogens 
have been reported. They are theelin, equilin, equilenin, and 
hippulin; the existence of the latter substance has not been con- 
firmed. Of these, only theelin seems to be generally distributed 
innature. It has been isolated from the urines of pregnant women 
(2), pregnant mares (6), stallions (7), and men (8), and from 
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human placenta (9), and palm kernel oil (10). The others have 
been found only in pregnant mare urine (11). The identity of 
the ketonic estrogen in sow ovaries was established by comparisons 
with the crystalline estrogens, theelin, equilin, and equilenin. 

Reduction of Ketonic Estrogens; Theelin—One of the outstanding 
characteristics of theelin is the ease with which it can be reduced 
to dihydrotheelin. Not only is there a characteristic increase 
in activity attending this reduction, but the new compound which 
is formed has distinct characteristics of its own that offer additional 
means of identification. Thus the identification of the original 
ketonic material is based on comparisons with two distinct sub- 
stances, theelin and dihydrotheelin, rather than on just the one 
substance, theelin. 

It was known from the work of Schwenk and Hildebrandt (12) 
that the reduction of theelin resulted in the formation of two 
epimers of dihydrotheelin. The epimer with the lower melting 
point, a-dihydrotheelin, was found to be much more potent in 
the spayed rat than was the original theelin. The work of others 
(13) has demonstrated rather conclusively that the reduction 
of theelin with hydrogen in the presence of a catalyst, or the 
reduction of theelin with sodium and alcohol results in the forma- 
tion of principally or entirely the a-dihydrotheelin. Such methods 
of reduction should therefore enhance the physiological potency 
of this substance. The relatively inactive 8-dihydrotheelin (14) 
is produced in only small amounts or not at all by these methods. 

In this laboratory the reduction of theelin with hydrogen in 
the presence of a platinum catalyst has been found to give prac- 
tically a quantitative yield of a-dihydrotheelin. Similar results 
were reported by Dirscherl (15), who has studied this reduction 
under varying conditions. He obtained a quantitative yield of 
a-dihydrotheelin by the catalytic reduction of theelin when the 
reaction was carried out in alcohol or aqueous alkali. However, 
when the solvent contained acid, a different type of reaction 
occurred in which the aromatic ring of the theelin molecule was 
partially or completely hydrogenated; in addition, the carbonyl 
group was reduced to a secondary alcohol or to a methylene group. 
Similar compounds in which the ring was saturated were obtained 
by Butenandt and by Butenandt, Stormer, and Westphal (16) 
and found to be physiologically inactive. 
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It is thus obvious that the reduction of theelin is only attended 
by an increased physiological activity when the principal product 
formed is a-dihydrotheelin, and that this is brought about by 
the catalytic reduction of theelin in neutral or alkaline solutions 
or by the reduction of theelin with sodium and alcohol. 

The actual increase in activity of dihydrotheelin, over that of 
theelin, has been found to depend not only on the relative pro- 
portions of the a and 8 forms produced, but upon the methods of 
assay as well. This is particularly true with respect to the use 
of ovariectomized rats or mice as the test animals. By our pro- 
cedures the enhancement in activity when theelin is reduced to 
dihydrotheelin is in the assay with rats 800 per cent, with mice 
200 per cent. 

Reduction of Other Ketonic Estrogens—The reduction of ketonic 
estrogens other than theelin has led to less consistent results. 
David (17) reported that the reduction of equilenin with sodium 
and alcohol produced an oily product that was more than 3 times 
as active as equilenin (mouse assay). 

By analogy with theelin the increased activity might be due to 
the formation of a 17-dihydroequilenin. Both epimers of 17- 
dihydroequilenin were obtained by Marker et al. (18) by the 
reduction of equilenin with aluminum isopropoxide. The lower 
melting isomer was identified with the 17-dihydroequilenin isolated 
from pregnant mare urine by Wintersteiner (19), and was found 
to be about 50 per cent less active than equilenin. The other 
isomer was found to possess 2 to 3 times the activity of equilenin.' 

The reduction of equilenin in alcohol with the aid of a platinum 
catalyst was found by Marker (18) to reduce Ring A of the mole- 
cule with the loss of the phenolic group. The activity of this 
substance has not been reported, and it is therefore unknown 
whether the catalytic reduction of equilenin will enhance or 
diminish its activity. 

David (17) also reported that reduction of equilin with sodium 
and alcohol gave a dihydroequilin, the activity of which was 
twice that of equilin in castrated mice. The reduction of equilin 


1 Personal communication from Dr. Kamm. We are also indebted to 
Dr. Kamm for a sample of equilenin. The equilin was purchased from a 
chemical supply house. 
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with a platinum catalyst has not been reported, but the use of 
a palladium catalyst was attempted by Dirscherl and Hanusch 
(20). However, instead of hydrogenating the estrogen, this 
procedure removed hydrogen from the molecule to form equilenin. 

In our studies two methods of reduction were used, the catalytic 
method and the reduction with sodium and alcohol. The former 
was suggested because of the quantitative yields obtained by 
this method in the synthetic preparation of a-dihydrotheelin 
from theelin. It was carried out with the Adams, Voorhees, 
and Shriner (21) platinum oxide catalyst in a medium of 95 per 
cent alcohol. 

















TaBe II 
Reduction of Ketonic Estrogens and Ketonic Fraction from Ovary 

| Enhance- 

simiiatty | Mathodtreducon | lend | sin | ‘eta 

| rat units | ratunite | percent 
Theelin Bodium and alcohol | 250 | 1000 400 
Platinum catalyst | 250 2000 800 
Equilin | Sodium and alcohol | 85 85 0 
| Platinum catalyst 450 | 600 33 
Equilenin Sodium and alcohol | 17 | 170 1000 
Platinum catalyst | 45 | 90 200 
Ketonic fraction | Sodium and alcohol | 25 100 400 
from ovary 36 300 833 
Platinum catalyst | 35 | «280 800 








The reduction with sodium and alcohol was studied because of 
early failures to obtain results when the catalytic method of reduc- 
tion was applied to some tissue extracts. The estrogen was dis- 
solved in 10 cc. of absolute ethyl alcohol and 1.5 to 3.5 gm. of 
sodium were gradually added to the solution in a flask equipped 
with a reflux condenser. The mixture was kept molten by gentle 
warming, and additional amounts of alcohol were added as needed. 
After complete solution of the sodium, water was added, the solu- 
tion acidified, and the estrogens extracted with ether. 

The results obtained by applying these two methods of reduc- 
tion to each of the three available ketonic estrogens and to the 
ketonic fraction obtained from the ovary have been summarized 
in Table II. 
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Of the three crystalline estrogens only theelin gave appreciable 
increases in activity by both methods. The results obtained 
with the platinum catalyst were more convincing, owing to the 
8-fold increase in activity which represents a 100 per cent yield 
of a-dihydrotheelin. Moreover, the increases obtained by the 
catalytic method were consistent, while the increases obtained 
by reduction with sodium and alcohol varied from 4-fold to 8-fold. 

Neither equilin nor equilenin could be reduced by the platinum 
catalyst with a marked increase in activity. Moreover, the 
activity of equilin was not enhanced by the reduction with sodium 
and alcohol. However, the reduction of equilenin with sodium 
and alcohol gave a 10-fold increase in activity, exceeding that 
obtained with theelin by either method. 

When applied to the impure ovarian extracts, the reduction 
with sodium and alcohol never failed to give at least a 4-fold 
increase in activity, but the catalytic reduction, in some cases, 
was completely inhibited. This led to the introduction of an 
additional purification procedure before the ketonic fraction was 
subjected to the catalytic reduction. The purification was made 
by a fractional sublimation in a high vacuum, removing nearly 
all of the solids with the inactive fractions. The active sublimate 
was recovered, and was then successfully reduced by the catalytic 
method. The 8-fold increase in activity thus obtained was 
identical with the results for theelin. 

Partition Ratios—Another means used for the identification 
of the ketonic estrogen in the ovary was a study of the partition 
ratios between 70 per cent ethyl alcohol and benzene. This ratio 
was determined by dissolving the estrogen in a known amount 
of 95 per cent alcohol, adding enough water to give a concentration 
of 70 per cent alcohol, and extracting this solution once with 
an equal volume of benzene. The two phases were separated 
and then assayed to obtain the amounts of estrogen in the two 
fractions. 

A large amount of impurity in a crude extract may alter the 
solubilities and hence the ratios. Control studies with crude 
benzene extracts of urine to which the pure estrogens were added 
have convinced us that these ratios are not influenced by such 
contaminating substances. 
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From Table III it can be seen that each of the estrogens studied 
has a characteristic partition ratio, and that these ratios are in 
most cases sufficiently distinct from one another to be used as 
a means of identifying an unknown estrogen. 

The partition ratio for the ketonic estrogen of the ovary was 
found to be 1:2.5. This is satisfactory agreement with the 1:3 
ratio for pure theelin but cannot be used to distinguish between 
equilin and theelin, since both have essentially the same partition 
ratio. After reduction of the ovarian ketone, the activity par- 
titioned in a ratio of 1:1, which is identical with the ratio for 
dihydrotheelin. 

Ratios of Rat and Mouse Units—A third method used in the 
identification of the ketonic fraction was a comparison between 





























Tasie III 
Partition Ratios between 70 Per Cent Alcohol and Benzene 
ili <_beta alSva Tae 
Substance investigated wr es cent Benzene alcohol 
benzene 
oad exile rat units 
Theelin......... fre en ee ; 350 1050 1:3 
Equilin...... A” i ee 250 625 1:2.5 
nS EVEL 9S. Ci Ls eeeOEt 8 ey Eee 33 200 1:6 
Dihydrotheelin.................. riety 500 500 1:1 
Ketonic fraction from ovary................ 70 175 1:2.5 
ai = after reduction (aliquot). . 25 | 25 Ask 








the number of rat units and mouse units in any one fraction; in 
this way the relationship between the two units could be estab- 
lished. Examination of the literature revealed that this ratio 
for theelin was large, while that for dihydrotheelin was relatively 
small. In Laqueur’s laboratory (22) the rat-mouse unit ratio 
for theelin was found to be 10 to 16:1, and for dihydrotheelin about 
6:1. The latter ratio of 5 to 6:1 was also found to be true for 
equilin by David and de Jongh (23). Schoeller, Dohrn, and Hohl- 
weg (24) have determined the rat-mouse unit ratio to be 5:1 for 
theelin and 2.5:1 for dihydrotheelin. Other workers have vari- 
ously determined the rat-mouse unit ratio for theelin to be 5:1 
(Rowe and Simond (25)), 10:1 or 36:1 (Hain and Robson (26)), 
depending upon the methods of assay utilized. 
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The ketonic fraction which was obtained from the ovarian 
extract was therefore accurately tested in both rats and mice, 
and the ratio between the two values gave the ratio of rat and 
mouse units for the original ketone. A portion of the material 
that had been catalytically reduced was studied by the same 
procedure. Both of these figures were then compared with the 
ratios similarly determined for the crystalline estrogens. 

The ratios obtained for the known estrogens and the ovarian 
fraction are recorded in Table IV. Each of the ratios for the 
crystalline estrogens is so distinct that minor variations in the 
accuracy of the assay could not influence the general conclusions. 
The ovarian ketone had a rat-mouse unit ratio of 15.5:1, while 


TaBLe IV 
Ratio of Rat and Mouse Units 


Ratio, 

| 

Substance investigated Amount in preparation | rat unit 
mouse unit 








| rat units | mouse units 
Ovarian ketonic fraction (aliquot) | 9 ; 1400 15.5:1 
Aliquot of ketonic fracti tion after reduction..| 90 330 | 3. 6:1 











Ratios for Crystalline C eile 


NS: JUS ccamcs Me Theelin. dail an de oh emcee 
Equilenin............ 1:1.5 Dihydrotheelin. : bio vl 


after reduction this ratio fell to 3.6:1. Both of these values are 
in good agreement with the respective ratios of 13:1 for theelin 
and 3:1 for dihydrotheelin. 


SUMMARY 


The following evidence indicates quite clearly that the principal 
ketonic estrogen of sow ovaries is theelin. Crystalline theelin 
and the ketonic fraction give similar data in the following tests: 
(1) inactivation by treatment with semicarbazide, (2) partition 
ratios between 70 per cent ethyl alcohol and benzene, (3) ratios 
of the weights of the rat and mouse units, (4) enhancement of 
activity by reduction of the ketone, (5) partition ratios and rat 
unit-mouse unit ratios for the reduction product corresponding 
to dihydrotheelin. 
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The actual concentrations of theelin and dihydrotheelin per 
kilo of sow ovaries are 20 rat units of theelin and 220 rat units 
of dihydrotheelin; this is equivalent to 0.010 mg. of theelin and 
0.014 mg. of dihydrotheelin per kilo. 


We w 3h to acknowledge financial assistance from the Theelin 
Fund a ninistered by the Committee on Grants for Research 
of St. Lr is hiversity. 


BIBLIOGRAPHY 


. Aschheim, 8., and Zondek, B., Klin. Woch., 6, 1322 (1927). 
. Doisy, E. A., Veler, C. D., and Thayer, 8. A., Am. J. Physiol., 90, 329 
(1929). Butenandt, A., Naturwissenschaften, 7, 879 (1929). 

3. MacCorquodale, D. W., Thayer, 8. A., and Doisy, E. A., J. Biol. Chem., 
115, 435 (1936). 

4. Girard, A., and Sandulesco, G., Helv. chim. acta, 19, 1095 (1936). 

5. Westerfeld, W. W., and Doisy, E. A., Ann. Int. Med., 11, 267 (1937). 

6. de Jongh, 8. E., Kober, 8., and Laqueur, E., Biochem. Z., 240, 247 
(1931). 

7. Haussler, E. P., Helv. chim. acta, 17, 531 (1934). Deulofeu, V., and 
Ferrari, J., Z. physiol. Chem., 226, 192 (1934). 

8. Dingemanse, E., Laqueur, E., and Mihlbock, O., Nature, 141, 927 
(1938). 

9. Westerfeld, W. W., MacCorquodale, D. W., Thayer, 8. A., and Doisy, 
E. A., J. Biol. Chem., 126, 195 (1938). 

10. Butenandt, A., and Jacobi, H., Z. physiol. Chem., 218, 104 (1933). 

11. Girard, A., Sandulesco, G., Fridenson, A., and Rutgers, J. J., Compt. 
rend. Acad. sc., 194, 909 (1932); 196, 981 (1932). Girard, A., Sandu- 
leseo, G., Fridenson, A., Gaudefroy, C., and Rutgers, J. J., Compt. 
rend. Acad. sc., 194, 1020 (1932). Sandulesco, G., Tchung, W. W., 
and Girard, A., Compt. rend. Acad. sc., 196, 137 (1933). 

12. Schwenk, E., and Hildebrandt, F., Naturwissenschaften, 21, 177 (1933). 

13. Girard, A., Sandulesco, G., and Fridenson, A., Compt. rend. Soc. biol., 
112, 964 (1933). David, K., de Jongh, 8. E., and Laqueur, E., Arch. 
internat. pharmacod. et therap., 61, 137 (1935). Danielli, J. F., Mar- 
rian, G. F., and Haslewood, G. A. D., Biochem. J., 27, 311 (1933). 

14. Whitman, B., Wintersteiner, O., and Schwenk, E., J. Biol. Chem., 118, 
789 (1937). Butenandt, A., and Goergens, C., Z. physiol. Chem., 248, 
129 (1937). Hirschmann, H., and Wintersteiner, O., J. Biol. Chem., 
122, 303 (1937-38). 

15. Dirscherl, W., Z. physiol. Chem., 239, 53 (1936). 

16. Butenandt, A., Z. physiol. Chem., 191, 140 (1930). Butenandt, A., 
Stormer, I., and Westphal, U., Z. physiol. Chem., 208, 149 (1932). 

17. David, K., Acta brev. Neerl. physiol., pharmacol., microbiol., 4,63 (1934). 


noe 











per 
1its 
ind 


lin 
rch 


m., 


247 


and 


isy, 


upt. 
du- 


pt. 


18. 


RRESS 


Westerfeld, Thayer, MacCorquodale, 193 
and Doisy 


Marker, R. E., Kamm, O., Oakwood, T.S., and Tendick, F. H., J. Am. 
Chem. Soc., 69, 768 (1937). 


. Wintersteiner, O., Schwenk, E., Hirschmann, H., and Whitman, B., 


J. Am. Chem. Soc., 68, 2652 (1936). 


. Dirscherl, W., and Hanusch, F., Z. physiol. Chem., 233, 13 (' 935). 
21. 


Adams, R., Voorhees, V., and Shriner, R. L., in Gilman, H_; Organic 
syntheses, New York, coll. 1, 452 (1932). rf 


. Laqueur, E., Klin. Woch., 14, 339 (1935). - 

. David, K., and de Jongh, 8. E., Biochem. J., 29, 371 (925) 

. Schociler, V., Dohrn, M., and Hohlweg, W., Klin. Woch., 14, 526 (1935). 
. Rowe, L. W., and Simond, A. E., J. Am. Pharm. Assn., 26, 378 (1937). 
. Hain, A. M., and Robson, J. M., J. Pharmacol. and Exp. Therap., 7, 


337 (1936). 














THE ISOLATION OF THEELIN FROM HUMAN 
PLACENTA 


By W. W. WESTERFELD, D. W. MacCORQUODALE, 
SIDNEY A. THAYER, anp EDWARD A. DOISY 


(From the Laboratory of Biological Chemistry, St. Louis University School 
of Medicine, St. Louis) 


(Received for publication, August 10, 1938) 


The occurrence of large amounts of estrogenic activity in human 
placenta has been known since the investigations of Fellner (1). 
The estrogens in this tissue had been studied from time to time 
without the attainment of success in the identification of any 
constituent until Browne (2) succeeded in isolating theelol. The 
identification of this substance with the theelol obtained from 
pregnancy urine was made by Butenandt and Browne (3). 

In a study of the estrogens in this tissue Collip (4) observed 
that an estrogenic constituent was soluble in water and insoluble 
in ether, thus differing in these properties from the known estro- 
genic substances. This constituent was not identified, but the 
isolation of theelol from placenta and the later demonstration by 
Cohen and Marrian (5) that theelol occurs in human pregnancy 
‘urine as the glucuronide have given rise to the belief that this 
unknown water-soluble estrogen in placenta is probably theelol 
glucuronide. To distinguish between theelol and the water- 
soluble estrogen in placenta, Collip and coworkers (6) reserved 
the use of the name ‘‘emmenin”’ for the latter substance. 

The occurrence of theelin as the major constituent of the ketonic 
activity in human placenta was established by the methods pre- 
viously used for the identification of the ketonic estrogen in sow 
ovaries. The subsequent isolation of theelin in good yield from 
placenta confirms the reliability of these methods used in the 
study of the placental estrogens and in the identification of theelin 
in sow ovaries. 

This study has been concerned only with the identification of 
the ketonic estrogen, and does not exclude the possibility that 
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there may be estrogens other than theelin and theelol in this 
tissue. From 422 kilos of human placenta we obtained 120,000 
rat units of non-ketonic and 30,000 rat units of ketonic estrogen. 
This is a yield of 355 rat units per kilo, of which 20 per cent is 
ketonic. 

Assuming that the 30,000 rat units of ketonic activity was due 
entirely to theelin, a total of 15 mg. of theelin should have been 
present in this extract; of this we have isolated in a pure crystalline 
form 12 mg., a yield of 80 per cent. 


EXPERIMENTAL 


The identification of theelin in placenta was carried out on an 
extract of ten human placentas. The phenolic fraction was 
prepared and separated into ketonic and non-ketonic fractions 
by Girard’s Reagent T. We thus obtained 200 rat units of 
ketones and 600 rat units of non-ketones per kilo. Confirma- 
tion of the ketonic nature of the estrogen separated into the 
ketonic fraction was obtained through inactiv. tion of this fraction 
by the semicarbazide treatment. 

The identification of the ketonic estrogen as theelin was based 
on the methods utilized in characterizing the ketonic estrogen in 
sow ovaries. These included (1) reduction of the ketonic fraction 
with hydrogen in the presence of a platinum catalyst, or with 
sodium and alcohol; (2) determination of the partition ratios 
between 70 per cent alcohol and benzene for the ketone and for 
its reduction product; and (3) determination of the ratio of rat 
and mouse units for the ketone and for its reduction product. In 
every test the ketonic fraction from the placental extract behaved 
like pure theelin. 

35 rat units of the ketonic fraction were successfully reduced 
by the catalytic method with the 8-fold increase in activity that 
is typical of theelin. Almost as good results were obtained by the 
reduction with sodium and alcohol, the preparation increasing in 
activity from 35 to 225 rat units. 

For the ketonic fraction the ratio of rat-mouse units was found 
to be 420:35 or 12:1, for crystalline theelin 13:1. For the estro- 
gen produced by the reduction of this ketone, the ratio was 800:280 
or 2.85:1, for crystalline dihydrotheelin 3:1. 

When partitioned between 70 per cent alcohol and benzene, 
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the activity in the ketonic fraction was divided in a ratio of 1:2.8; 
i.e., 25 rat units in the alcohol and 70 rat units in the benzene. 
After reduction, the activity partitioned in a ratio of 1.1:1 (30 
rat units in the alcohol to 27 rat units in the benzene). These 
values are in good agreement with the ratios of 1:3 for theelin 
and 1:1 for dihydrotheelin. 


Isolation of Theelin 


Preparation of Extracts of Placenta—The isolation of theelin 
was carried out on an extract of 702 full term human placentas, 
the total weight of which was 422 kilos. These placentas were 
obtained from the delivery room, and were kept frozen until a 
sufficient number had been collected for convenient processing. 
They were then hashed, and the pulp was stirred with 2 volumes 
of 95 per cent alcohol. After standing for several days with 
occasional stirring, the tissue was filtered off and extracted in a 
continuous extractor for 24 hours with hot 95 per cent ethyl 
alcohol. 

Both alcoholic extracts were combined, and the alcohol was 
removed by distillation. The aqueous sludge was then carried 
to dryness in a continuous still. The dry residue was leached 
several times with hot 95 per cent alcohol, and the phospholipids 
were precipitated from this extract by the addition of 2 volumes 
of acetone. The alcohol-acetone filtrate was distilled, and the 
resulting residue was redissolved in 95 per cent alcohol. Sufficient 
water was added to give a concentration of 70 per cent alcohol, 
and the cholesterol fraction was removed by extraction with low 
boiling petroleum ether. The alcohol was distilled from the 
aqueous phase, the resulting sludge diluted with water, and the 
estrogens extracted with ether. 

The phenolic and acidic fractions were remdved from this ether 
extract by thorough washing with 0.5 n NaOH. They were 
recovered by acidification and extraction with ether, and were 
then separated by washing out the acids with aqueous sodium 
carbonate. 

The phenolic residue was further purified by dissolving in 50 
per cent alcohol acidified with HCI and extracting with low boiling 
petroleum ether. The major portion of the estrogenic activity 








198 Theelin from Human Placenta 


remained in the 50 per cent alcohol, and was recovered therefrom 
by dilution and extraction with ether. 

This residue was then fractionated with Girard’s reagent, sepa- 
rating it into ketonic and non-ketonic fractions. In this manner, 
30,000 rat units of ketones were separated from 120,000 rat units 
of non-ketonic estrogens. About twice this amount of estrogenic 
activity was obtained from human placenta when the extraction 
was carried out on a much smaller scale; the low recovery in this 
case was probably due to an incomplete extraction in the initial 
stage. Two additional treatments of the non-ketonic fraction 
with Girard’s reagent did not appreciably increase the yield of 
ketones, the second treatment removing about 1000 and the third 
treatment removing less than 500 rat units to the ketonic fraction. 

The residue of ketones was leached with hot 0.1 N NaOH; salt 
was added to flocculate the colloid and, after chilling, the solution 
was filtered through a sintered glass filter. The insoluble portion 
was dissolved in 95 per cent alcohol, and after distillation of the 
alcohol, the residue was again leached with hot 0.1 nN NaOH. 
Several such leachings dissolved all the estrogens. 

The concentration of the alkaline solution was increased to 
0.2 n by the addition of strong alkali, and the estrogens were 
removed from the aqueous phase by repeated extractions with 
ether. The ether was distilled, and the entire process of leaching 
and extraction, which effected a substantial purification, was 
repeated on the residue. 

Isolation and Identification of Ketonic Estrogen—The semi- 
crystalline product obtained by distillation of the final ether 
extract was dissolved in alcohol, and the theelin converted to the 
semicarbazone. The solution was evaporated, and the residue 
washed with water and then recrystallized from 95 per cent al- 
cohol. The semicarbazone was hydrolyzed with 0.5 n HCl in 
50 per cent alcohol; upon neutralization of the acid and distillation 
of the excess alcohol, the free theelin precipitated from solution. 
This was recrystallized several times from aqueous alcohol by 
use of a little norit for decolorization. The final product had the 
identical crystalline form and appearance of the theelin prepared 
from urine. 

The weight of the theelin obtained was 7.0 mg. Simultaneous 
melting points (uncorrected) taken with standard theelin gave 
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251.5-253° for the placental theelin and 253-254.5° for the urinary 
theelin, while an equal mixture of the two melted at 252.5-254°. 
An equal mixture of equilenin and theelin melted at 222-240°, 
and an equal mixture of equilin and theelin at 212-235°. 

The bioassay indicated identity with crystalline theelin; @.., 
an activity of 10,000 international units per mg. Fora 1 per cent 
solution in dioxane [a]?’ = +163°. 


Microcombustion Analysis— 
CigH20r. Calculated. C 79.95, H 8.21 
Found. ** 80.09, “ 8.30 


The semicarbazone had the typical crystalline form of theelin 
semicarbazone. It was analyzed for nitrogen by the Pregl-Dumas 
method. Found, N 12.3; calculated for CyjgH2sO.N;-}H,0, 
N 12.49. 

The estrogens lost to the petroleum ether in the purification 
process of partition between 50 per cent alcohol and petroleum 
ether were recovered, treated with Girard’s reagent, and the 
ketonic fraction was purified as previously described. The theelin 
obtained upon hydrolysis of the semicarbazone was combined 
with the filtrates resulting from the recrystallization of the theelin 
previously isolated, and the entire fraction was treated with 
a-naphthoyl chloride in the presence of pyridine (7). In this 
way an additional quantity of 5 mg. of theelin was isolated as 
the naphthoate. The melting point was 208° (uncorrected) and 
the melting point of an authentic specimen of theelin a-naphtho- 
ate was 210°. The mixed melting point was not depressed. 


Microcombustion Analysis— 
Cx»H2s0;. Calculated. C 82.03, H 6.65 
Found. "2h “6a 


SUMMARY 


The ketonic estrogen of human placenta was shown by char- 
acteristic reactions to be theelin. 

Theelin was isolated in crystalline form from placental extracts. 
The characterization clearly indicates that theelin is the principal 
ketonic estrogen in human placenta. 
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THE EFFECT OF MONOIODOACETIC ACID ON THE 
INTESTINAL ABSORPTION OF MONOSACCHA- 
RIDES AND SODIUM CHLORIDE 


By KALMEN A. KLINGHOFFER* 


(From the Laboratory of Physiological Chemistry, Yale University 
School of Medicine, New Haven) 


(Received for publication, August 1, 1938) 


Verzar and his coworkers (1) have reported that the injection 
of monoiodoacetic acid into rats results in a decreased rate of 
absorption of fats and certain monosaccharides. Cori (2) had 
previously demonstrated that in normal rats galactose and glucose 
are absorbed about 3 times as rapidly as xylose; but according to 
Verzar, following the injection of monoiodoacetic acid the rate of 
absorption of the first two sugars is reduced to that of xylose, 
while that of the latter is stated to be unaffected by this poison. 

To explain these findings Verzar has suggested that the absorp- 
tion of galactose and glucose under normal conditions is facilitated 
by the formation of organic phosphorus compounds, while that 
of xylose is dependent on diffusion alone. By analogy with its 
action on muscle metabolism, monoiodoacetic acid is assumed 
to interfere with phosphorylation processes, and consequently 
to reduce the absorption rate of glucose and galactose to a level 
dependent on the processes of diffusion. 

The present paper deals with an attempt to confirm Verzar’s 
observations. Gross pathological changes, however, followed the 
injection into rats of monoiodoacetic acid in doses varying between 
6 and 20 mg. per 100 gm. of body weight. These were pyloric 
spasm,' hemorrhagic enteritis, adrenal cortical and medullary 
hemorrhages, hemoglobinuria, and pharyngeal edema. None of 
these was consistently found, but most of the animals exhibited 


* National Research Council Fellow in Medicine, 1937-38. 
' Verzar reported a prolonged emptying time of the stomach in experi- 
ments with neutral fat. 
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gastrointestinal lesions, which, in view of the subject under con- 
sideration, seemed of particular significance. In addition, varia- 
tions in the lethal dose were considerable, some animals dying 
within a few minutes of the injection of as little as 10 mg. per 100 
gm., and others dying at intervals up to 8 hours. None of the 
animals injected with the amounts employed by Verzar and his 
colleagues, 12 to 16 mg. per 100 gm. of body weight, survived 
this period. 

In consequence of these observations, it was doubted that 
the action of monoiodoacetic acid was specifically concerned with 
phosphorylation, and it was suspected that any decreased forma- 
tion of organic phosphorus compounds might be associated with 
a decreased absorption of certain sugars, but could not be con- 
sidered a causative factor. Therefore, in addition to determining 
the effect of injection of monoiodoacetic acid on the absorption 
of glucose, its effect on the absorption of xylose and sodium chlo- 
ride was also studied, there being no evidence to indicate that 
in the passage of the latter substances through the intestinal 
wall processes other than those of diffusion are involved. 


Methods 


Stock female rats of the Yale strain weighing between 120 
and 300 gm. were used. They were fasted 24 hours, and then 
injected subcutaneously with the monoiodoacetic acid? 30 
minutes later glucose, xylose, or sodium chloride solution was 
given by gavage. 90 to 120 minutes after the gavage the animals 
were killed by the intraperitoneal injection of nembutal, and the 
gastrointestinal tract from the esophagus to the descending colon 
removed, macerated, and extracted with boiling water. The solu- 
tion obtained was diluted to a convenient volume and analyzed. 

For the glucose and xylose estimations a Somogyi (3) aine 
filtrate was made, and the subsequent analysis performed by 
the Benedict (4) method. Chloride was estimated by Hald’s 
(5) modification of Patterson’s procedure. 

The results are presented in Table I. 

As reported by Verzar, the injection of monoiodoacetic acid 


* The monoiodoacetic acid used was an Eastman Kodak product. Re- 
crystallized from petroleum ether it had a melting point between 82-84". 
It was neutralized with sodium hydroxide before injection. 
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definitely decreased the rate of absorption of glucose, but in 
these experiments it did not reduce it to the same level as that 
of xylose in normal animals. 

Contrary to the findings of Verzar, however, the injection of 
this substance also reduced the rate of absorption of xylose. The 
difference in the rates of absorption of this sugar in the normal 
and treated animals is definitely significant, despite considerable 
variation within each group. The variation may be due in part 


TaBie | 
Data from Experiments in Which Rats Were Injected Subcutaneously with 
Monoiodoacetic Acid in Doses of 6 to 20 Mg. per 100 Gm. of Body Weight, 
and Were Subsequently Given by Gavage Glucose, Xylose,* or Sodium 
Chloride Solution 



































Monosaccharide or NaCl 
Mt | Weight Critioa! 
Solution given | 7 i. Given Absorbed per hr. coeffi- 
mals sk P. | cient 
Mean| Range | Mean | Range Mean Range 
om. om. 100 pm. 100 gm. ee - 100 om. 
25% glucose 
Normal.....| 7 | 224/158-300) 604 /596-605)182 + 7.5 /152-205 | . , 
Injected....| 8 | 274/150-300| 584 |550-604/106 + 7.0 | 77-127 | °° 
7 to 25% 
xylose 
Normal..... 12 | 161/120-240) 258 |165-378) 32 + 5.0 | 10-60) 4, 
Injected....| 12 | 168'120-240) 254 |165-386 13 + 5.0; 0 50| ~ 
0.9% Nacl | | 
Normal.....| 6 | 177|160-200, 45 | 45 | 21 + 1.7f| 18- 25 3.1 
Injected....| 11 | 168/160-187) 45 | 45 | 14 + 1.3f) 8 19f ~ 











* The xylose was estimated as reducing equivalents of glucose. 
+ Allowance was made for the sodium chloride extracted from gastro- 
intestinal tracts of normal fasted rats in estimating the amounts absorbed. 


to the administration of varying amounts of xylose, for when a 
comparison is made of the percentages of xylose absorbed, the 
difference is even more marked, the control group absorbing 
12.2 + 1.7 per cent, the poisoned 5.2 + 1.7 per cent. Further- 
more, in every experiment a pair of animals was employed, one 
normal and one poisoned, and the poisoned animal in every in- 
stance had an absorption rate lower than that of the control. 

The effect of giving monoiodoacetic acid to rats subsequently 
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given sodium chloride solution by gavage was striking. After 2 
hours the normal animals had empty gastrointestinal tracts and 
distended urinary bladders; the poisoned animals had empty 
urinary bladders and distended gastrointestinal tracts. Analyses 
of the gastrointestinal contents established the failure of the 
latter to absorb a considerable portion of the saline. There was 
a rough correlation between the dose of monoiodoacetic acid 
injected and the amount of saline unabsorbed, and two animals 
receiving only 6 mg. per 100 gm. had almost normal absorption 
rates. 

The defect in absorption cannot be attributed to adrenal dam- 
age, as lesions of the adrenal glands were not always found in 
the animals poisoned with monoiodoacetic acid. Moreover 
Deuel et al. (6) have demonstrated that the glucose absorption 
of adrenalectomized rats is normal if the animals are maintained 
in good condition by the administration of sodium chloride. As 
Verzar has attributed the decreased absorption rate of glucose 
which he found in the adrenalectomized rat to a similar ina- 
bility to form organic phosphorus compounds, Deuel’s experi- 
ments have an additional pertinence to the subject under con- 
sideration. As there is no evidence that the absorption of xylose 
and sodium chloride is in any way associated with phosphorylation 
processes, and since the intestinal pathology is so severe, it is 
apparent that the inhibition of glucose absorption by monoiodo- 
acetic acid cannot be due to a specific effect on phosphorylation. 
A similar result undoubtedly could be secured with other poisons 
or procedures which so severely damage the gastrointestinal tract, 
or which cause such early death of the animal.* 


SUMMARY 


The injection of monoiodoacetic acid causes a decreased absorp- 
tion of glucose, xylose, and sodium chloride from the intestinal 
tract of the rat. This decrease is associated with severe intestinal 


® Dogs given monoiodoacetic acid by mouth vomit and may have bloody 
stools. The effect on the gastrointestinal tract of rats is noted 24 hours 
after the administration of as little as 3 mg. per 100gm. This has also been 
observed by Simon and White (personal communication) who fed the drug 
to animals on a low protein diet and frequently encountered pyloric hyper- 
trophy and hemorrhagic enteritis. 
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pathology and is probably caused by it, rather than by any specific 
action of the drug on intestinal phosphorylation. 
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THE ESTIMATION OF ALBUMIN AND GLOBULIN IN 
BLOOD SERUM 


II, SEPARATION OF FRACTIONS BY CENTRIFUGATION WITH 
THE ANGLE CENTRIFUGE* 


By HOWARD W. ROBINSON, J. WAIDE PRICE, anp 
CORINNE G. HOGDEN 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, August 1, 1938) 


In the clinical methods for the quantitative estimation of serum 
proteins, filtration, through filter paper, is the usual procedure for 
the separation of the globulin precipitated from albumin by a 
1.50 m sodium sulfate solution. On account of the nature of the 
precipitate, a highly retentive paper is needed, and also, with 
most sera, the filtrate must be refiltered many times before it is 
clear. In a previous communication (1) the authors showed that 
filter paper adsorbs a definite amount of the soluble protein. 
Therefore, it is necessary to discard the first portion of the filtrate, 
because there is a loss of albumin. Later portions are uniform in 
nitrogen concentration and contain the protein that is soluble in 
this salt concentration. This protein adsorption was suggested 
as the cause of the discrepancies in nitrogen values on duplicate 
albumin filtrates which have been experienced by many workers 
in employing the micromethod of Howe (2). A detailed pro- 
cedure for the filtration was outlined in Paper I (1), which, in 
our hands, has always given like results on duplicate filtrates. 
Unfortunately, the method requires at least double the amount of 
serum and, when the quantity of solution that is filtered is in- 
creased, the operation becomes very time-consuming. Under 
these conditions it seemed desirable to search for a substitute or 
a means of elimination of the filter paper. 


*An abstract of this paper was presented before the Thirty-second 
annual meeting of the American Society of Biological Chemists at Balti- 
more, March, 1938. 
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Centrifugation of the globulin precipitate had been suggested 
as a quick way to obtain a clear albumin solution. Before the 
development of our present filtering procedure (1), we had at- 
tempted to separate the protein constituents in the ordinary 
centrifuge (International, size No. 1). The serum-sodium sulfate 
mixtures were placed in 50 cc. Pyrex centrifuge tubes and the 
eight-place combination head was employed. Centrifugation 
was carried out in a temperature-controlled room at 38°. The 
results were very unsatisfactory, as in some cases there was very 
little sedimentation in a reasonable time and in none were clear 
supernatant solutions obtained. At the time we were much dis- 
turbed by the possibility that the effect of heating of the solu- 
tion in the centrifuge might influence the solubility of the protein 
and also cause convection currents that would hinder sedimenta- 
tion. When the angle centrifuge was brought to our attention, 
we decided to give it a trial on this problem. 

This centrifuge' is a small portable instrument in which the 
centrifuge tubes revolve at an angle of 40° with the vertical. 
According to the manufacturer, the principle of this machine was 
discovered by Dr. Ragnar Lundgren, of St. Goran Hospital, 
Stockholm. He found that the speed of sedimentation is very 
mech greater with the tube in this position. On centrifuging the 
1.50 m sodium sulfate-protein mixture for 1 hour, a clear super- 
natant solution is obtained which, with reasonable care, can be 
pipetted from the globulin precipitate and the albumin determined 
on an aliquot. On a series of blood sera, albumin determinations 
were made on solutions obtained by our filtration procedure with 
filter paper and on those obtained by centrifugation. The re- 
sults are shown in Table I. The difficulties caused by filter paper 
can be avoided and the determinations made in a shorter time and 
on smaller samples of serum by centrifugation of the globulin 
precipitate. 

Methods 


Human, dog, and rabbit sera were used in these experiments. 
The rabbit blood was obtained from the heart without anesthesia 
and the dog and human bloods by venous puncture. A solution 


1 The angle centrifuge is imported and sold by Ivan Sorvall, 210 Fifth 
Avenue, New York. 
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of 22 per cent sodium sulfate was added to the serum in the pro- 
portion of 30 parts to 1 partof serum. For the comparison study, 
at least 3.5 ec. of serum were treated with 105 cc. of the salt solu- 
tion. All the precipitations, filtrations, and centrifugations were 
carried out in a 38° constant temperature room. As a matter of 
convenience the serum-sodium sulfate mixtures were allowed to 
stand overnight at 38°, although comparable results could be 
obtained after standing for 4 hours. 75 cc. of the serum-sodium 
sulfate mixture were filtered through one sheet of 9 em. No. 00 
Munktell paper in the manner described before ((1) p. 496). 
Four 5 ce. aliquots for nitrogen determinations were measured 
from the last 30 cc. of solution that came through the filter. 
These determinations were made by the micro-Kjeldah! digestion 
and distillation procedure described before (1). 

For centrifugation, 15 ec. portions of the serum-sodium sulfate 
mixture were placed in the special 15 ec. oval Pyrex centrifuge 
tubes and the tubes were covered with rubber caps. This tube 
is a special tube made for the centrifuge which takes full advan- 
tage of the principle of the machine, as it reduces to a minimum 
the distance the precipitated particle travels across the tube. 
The type SP angle centrifuge head was used with the aluminum? 
adapters to fit the 15 cc. tubes. If the centrifuge is run at a speed 
of 4200 r. p. Mm. for 1 hour in the 38° room, the temperature of the 
mixture reaches approximately 40°. With longer periods of cen- 
trifugation the temperature does not increase above 40°. 

So far we have obtained clear supernatant solutions from all 
mixtures of serum in 1.50 m sodium sulfate solutions after cen- 
trifuging for 1 hour. However, there may be some pathological 
sera, such as those from patients with lipoidal nephrosis, with 
which it may be impossible to make the separation by centrifu- 
gation. 

The precipitated globulin is thrown to the bottom and lower 
end of the outer side of the tube from the axis of rotation. The 
precipitate does not tend to take a horizontal position, as do red 
blood corpuscles from plasma, when the tube comes to rest in the 


* We lost a number of determinations through breakage of the glass 
tubes before we learned the desirability of keeping the aluminum adapters 
in shape by means of a steel form. These adapters are made of very thin 
material and lose their shape after a few weeks of centrifuging at high speed. 
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oblique position. The tube is carefully removed from the cen- 
trifuge in the inclined position and turned so that the precipitate 
is on the lower side of the tube. The rubber cap is removed and 
a 5 ec. Mohr pipette, whose end is attached to a rubber suction 
tube, is carefully introduced into the clear solution. About 11 
ec. of the supernatant can be withdrawn without disturbing the 
precipitate. 5 ec. aliquots of this solution are measured into 
100 cc. Kjeldahl flasks for the nitrogen determinations. In 
this study all centrifugations were made in two 15 cc. tubes and 
two samples for analysis were obtained from each supernatant 
solution. 

In most cases the precipitated globulin tends to settle readily 
in the 1.50 m sodium sulfate solution. At higher salt concentra- 
tions the precipitate remains dispersed in the solution or may rise 
to the top. In a series of experiments to determine solubility 
curves, we have been able to centrifuge some precipitates from 
1.70 m Na,SO, solution and obtain clear supernatants. 

For centrifugation of precipitate the 1.50 m solution of sodium 
sulfate is a much better medium than the 2.025 m potassium phos- 
phate buffer mixture (K2.HPO,: KH,PO,= 2:1), which has the 
same salting-out properties (3), because the density of the former 
solution is not as great as the latter. 


Results 


The results of a representative group of the determinations are 
presented in Table I. The rabbits and dogs except Dog D-5 
were apparently normal animals that had not been subjected to 
any other laboratory procedures. Dog D-5 had been on the 
modified protein-deficient diet of Weech, Goettsch, and Reeves 
(4) since December 10, 1937. The human subjects were hospital 
patients; H-1 had acatarrhal jaundice, H-2 subacute bacterial endo- 
carditis, H-3 subacute nephritis of the nephrotic type, and H-4 
nephritis. In all our experiments the difference between the two 
methods has never been greater than 0.07 gm. of protein per 100 
ec. of serum. All the values in column (b) in Table I were made 
from supernatants which were obtained after centrifuging the 
mixture for 1 hour. This time interval may be longer than that 
required in most cases, for we have also obtained good results by 
a half hour of centrifugation. However, a firmer packing of 
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precipitate is obtained with the longer centrifuging, which makes 
the withdrawal of clear solution much easier. The results indi- 
cate that the use of filter paper may be avoided and determina- 
tions of serum albumin made in a shorter time on smaller samples 


Tasie I 
Serum Albumin Determinations 
Comparison of serum albumin concentrations made from solutions when 
globulin precipitate was removed by (a) filtration at 38° through paper by 
“eorrect value’’ procedure (1); (6) centrifugation at 38° in the angle cen- 
trifuge. 





























Albumin per 100 cc. | 
of serum 

Date Type of Total serum Non- | Difference 

serum protein protein N Fuened Centri- (a) — (0) 

(a) o 

1938 gm. - 100 | mg. af 100 om. gm 
Jan. 12 R-1 5.95 29 4.62 4.65 —0.03 
= R-2 7.24 47 5.28 5.29 —0.01 
Feb. 14 R-3 7.72 48 5.26 5.24 +0.02 
Jan. 4 D-7 6.00 28 3.81 3.80 +0.01 
“24 5.99 27 4.00 4.00 0.00 
= B D-8 6.20 28 3.88 3.86 +0 .02 
Feb. 4 6.89 28 4.28 4.34 —0.06 
Jan. 7 D-6 6.53 25 3.83 3.82 +0.01 
" = D-18A 6.80 32 4.20 4.24 —0.04 
oe D-5 4.27 20 2.52 2.56 —0.04 
Feb. 8 4.17 19 2.22 2.27 —0.05 
Jan. 17 D-9 6.52 25 4.05 4.12 —0.07 
re H-1 7.63 29 4.37 4.42 —0.05 
> H-2 5.95 50 3.63 3.63 0.00 
. oe H-3 4.95 25 2.80 2.86 —0.06 
Feb. 7 5.05 25 2.83 2.83 0.00 
Jan. 27 H-4 6.24 | 59 3.45 3.43 | +0.02 











*R = rabbit, D = dog, H = human. 


of serum by employing the angle centrifuge for the separation of 
the precipitated globulin. 


SUMMARY 


1. The separation of the precipitated serum globulin from the 
albumin in 1.50 m sodium sulfate solution can be made by centri- 
fugation with the angle centrifuge. 
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2. The results of the comparable determinations of serum al- 
bumin made by filtration and centrifugation have always been 
within 0.07 gm. per 100 ce. 

3. The advantages of the procedure are, first, that by elimina- 
tion of the filter paper, the protein adsorption error is avoided and, 
therefore, smaller amounts of serum may be used for the deter- 
mination, and, secondly, that centrifugation is much faster than 
the filtering procedure. 
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THE ESTIMATION OF ALBUMIN AND GLOBULIN IN 
BLOOD SERUM 


III. THE PRECIPITATION OF GLOBULIN AT TWENTY-FIVE 
DEGREES BY SODIUM SULFATE 


By HOWARD W. ROBINSON, J. WAIDE PRICE, ano 
CORINNE G. HOGDEN 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, August 1, 1938) 


Sodium sulfate is the most widely used precipitating agent in 
the quantitative estimation of serum albumin and globulin. Its 
great advantage over ammonium sulfate is that a nitrogen deter- 
mination may be made directly on the sodium sulfate filtrate, 
and over sodium sulfite that it is a more stable salt and can be ob- 
tained in a higher state of purity. Other precipitating agents, 
such as magnesium sulfate, zine sulfate, acetate, and phosphate 
buffer mixtures, have such high densities at the molar concentra- 
tions required that much trouble with bumping and precipitation 
of salt occurs during the digestion and, besides, the serum-salt 
mixtures filter more slowly and centrifugation of precipitate is 
impossible in most cases. 

On account of its limited solubility, the opinion has been held 
that a 1.50 m sodium sulfate solution must be used at a tempera- 
ture above that of the average laboratory. It has become cus- 
tomary to carry out the filtration procedure at 37° or 38°. Many 
workers, who either object to the inconvenience and discomfort 
of this temperature or are not equipped to work at 38°, use the 
phosphate buffer mixtures with satisfactory results. In our 
hands the phosphate mixtures were suitable when a macromethod 
was used, 7.e. digestions made in 800 cc. Kjeldahl flasks and dis- 
tillations carried out in the large block-tin condensers, but with 
the micromethod, 7.e. digestion in 100 ec. Kjeldahl flasks and the 
distillations in the steam distillation apparatus of Goebel (1), they 
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gave us much trouble and we were never able to obtain the close 
checks on duplicate filtrates that were obtained with sodium sul- 
fate solutions. 

At various times, residual quantities of our stock 22 per cent 
sodium sulfate have stood for many days in the laboratory at 
room temperature without crystallization of the dissolved salt. 
Aware of the ease with which sodium sulfate may exist in super- 
saturated solutions, we never gave much consideration to this 
observation. One day we tried to obtain crystals from the solu- 
tion by the introduction of sulfate crystals, and noted that on 
vigorous agitation the sodium sulfate dissolved. The same 
technique showed supersaturation when applied to a 30 per cent 
sodium sulfate solution. This observation led to some rough 
solubility studies at “room” temperatures. The results indicated 


Tasie | 
Solubility of Sodium Sulfate Given by Klottmann (2) 











Temperature Concentration of Na:SO, 
°C. moles per | gm. per 100 ce. > ha 
25 1.846 26.2 
20 1.297 18.4 
15 0.907 | 12.9 








that the values for the solubility of sodium sulfate given by 
Klottmann (2) in his extensive solubility studies were correct. 
His values for the solubility of sodium sulfate at 25°, 20°, and 
15° are given in Table I. A 1.5 m solution is saturated at 
approximately 22.5° and therefore it must be used at temperatures 
above 22.5°. In many laboratories the average temperature 
is about 25°. Since working at this temperature has so many 
advantages, we decided to make comparable determinations of 
serum albumin in a series of sera, in which the precipitated glob- 
ulin separation was carried out at 25° and at 38°. 


Methods 


Stock 22 per cent sodium sulfate solutions were prepared in our 
constant temperature rooms at 25°+1° and 38°+1°. The nitrogen 
determinations were made by the methods described in our pre- 
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vious papers (3-5). Filtration of the serum-sodium sulfate mix- 
tures was made through one sheet of 9 cm. No. 00 Munktell filter 
paper in the manner described for the avoidance of the protein ad- 
sorption error (4), and clear supernatant solutions were also ob- 
tained by the use of the angle centrifuge (5), after the serum-so- 
dium sulfate mixtures had stood overnight at the two temperatures. 
The precipitated protein does not form large aggregates as fast 
at 25° as it does at 38°, thus slowing the filtration slightly. How- 


Taste II 


Serum Albumin Determinations; Precipitation of Globulin with 22 Per Cent 
Sodium Sulfate Solution at 25° and 38° 
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- | Albumin - 
Dato | TZrum* | protein protein Filtered | Centrifuged devia 
| 38° | 25° 3s | | (as° 

sad | 105 Ge. | '100¢e. | ‘100ee. | ‘100ce. | “t0dee. | “1006e. | 100 ce. 
Feb. 4 | D-8 | 6.89 | 28 | 4.28 | 4.28 | 4.34 | 4.28 | 0.06 
“ 8 | DS | 4.17] 19 | 2.22 | 2.23 | 2.27 | 2.25 | 0.05 
“ 2 | D-5 | 3.70} 21 | 1.97 | 2.02 | 0.05 
Mar. 3 D-5 | 3.54 25 2.12 | |} 2.12 | 0.00 
Feb. 14 | R-4 | 7.72 | 48 | 5.26 | 5.23 | 5.24 | 5.24 | 0.03 
“ 18 | R-l | 6.69 | 42 | 5.12 | 5.16 | | 5.16 | 0.04 
“ 18 | R-5S | 7.53 | 36 | 5.28 | | 5.26 | 0.02 
«“ 7 | HS | 3.75 | 30 | 2.07 | 2.07 | | 2.08 | 0.01 
Mar. 4 | H-6 | 3.91 | 42 | 1.73 | 1.72 | 0.01 
“ 4 | H-7 | 6.86 | 24 | 4.99 5.04 | 0.05 








; 








*D = dog, R = rabbit, H = human. Patients H-5 and H-6 were 
nephrotic and Dog D-5 had been on an experimental protein-low diet since 
December 10, 1937. 


ever, we have never had any trouble in obtaining clear filtrates 
in a reasonable time, even when the serum-sodium sulfate mix- 
ture had stood only 4 hours at 25°. 


Results 


Table II summarizes a series of albumin determinations made 
at 25° and 38° on dog, rabbit, and human sera. The results 
show good agreement at the two temperatures, which indicates 
that the solubility of the protein must change very little between 
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the two temperatures. From these experiments we believe that 
the separation of globulin from albumin in 1.50 m sodium sulfate 
solution can be safely made at 25° and, therefore, there is no need 
for working at 38°. 
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OPENING OF THE RING OF THE THIOLACTONE 
OF HOMOCYSTEINE 
By VINCENT pv VIGNEAUD, WILBUR I. PATTERSON, anv 
MADISON HUNT 


(From the Department of Biochemistry, School of Medicine, 
George Washington University, Washington) 


(Received for publication, August 6, 1938) 


A few years ago Baernstein in studying the methionine content 
of proteins isolated a crystalline sulfur-containing compound 
which he was able to identify as the hydroiodide of the lactone of 
homocysteine (1). Apparently the methyl group of methionine 
was split off as methyl iodide, and the resulting homocysteine was 
converted to the hydroiodide of the thiolactone by ring closure. 
The conversion of methionine to this compound was confirmed 
by Riegel and du Vigneaud (2) who, in addition, made the thio- 


lactone hydroiodide directly from homocysteine. The corres- / 


ponding hydrochloride was also prepared. 

In his earlier work on the compound, Baernstein encountered 
a very peculiar behavior of the thiolactone when it was treated 
with dilute alkali. Even though the sulfhydryl group could be 
quantitatively accounted for by titration after the alkaline treat- 
ment, oxidation of the solution did not yield homocystine. In 
repeating this treatment of the thiolactone, we likewise failed to 
isolate homocystine. We obtained instead, after oxidation, a 
high melting, amorphous material which was insoluble in both 
dilute acid and alkali, and behaved to all intents and purposes 
like a polymeric compound. Indeed it reminded one of keratin 
in its insolubility in reagents which did not modify it chemically. 

We felt that this rather puzzling behavior warranted further 
investigation. If the structure assigned to it were correct, the 
thiolactone should be capable of yielding homocystine upon 
opening of the ring followed by oxidation. 

It occurred to us, however, that when dilute alkali was added 
to the hydroiodide of the homocysteine thiolactone, 1 molecule 
of the free basic thiolactone may have been opened by another 
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before it could be opened by the alkali, thus yielding a homo- 
cysteinylhomocysteine thiolactone. Depending on the con- 
ditions existing at the moment, this compound might react with 
itself to give a diketopiperazine, with the alkali to give a dipep- 
tide, or perhaps react with another molecule of the lactone and 
the resulting compound could in turn react again, etc. Oxidation 
of such sulfhydryl compounds could therefore yield disulfide com- 
pounds of high or low molecular weight as the case might be. 
Thinking that the insoluble amorphous material might be some 
type of polymerized homocystine, we tried hydrolyzing it with 
concentrated HCl. An almost theoretical yield of homocystine 
was obtained. It was quite clear, therefore, that in the opening 
of the ring some type of condensation had occurred and that the 
failure to get homocystine by alkali treatment and subsequent 
oxidation was due to this and not to some unorthodox opening 
which might yield, for example, a y-hydroxy-a-aminothiol acid. 
If such a condensation tends to take place, it should follow that 
if the thiolactone were opened as quickly as possible by means of 
strong alkali to avoid the accumulation of any free unopened 
thiolactone during the reaction, homocysteine should result. 
Upon oxidation homocystine should be isolable. We therefore 
treated the homocysteine thiolactone hydroiodide with 20 moles 
of 6 N NaOH, and according to prediction, after oxidation with 
air, an excellent yield of homocystine was obtained. dl-S-Ben- 
zylhomocysteine (3, 4) was also obtained by opening the lactone 
in this manner and treating the solution with benzyl chloride. 
It should also follow from this line of reasoning that if the 
amino group of the thiolactone were covered by a benzoyl group, 
treatment of the resulting compound with weak alkali should 
yield benzoylhomocysteine which upon subsequent oxidation 
should give dibenzoylhomocystine. In other words, the type of 
condensation we have suggested should be prevented. Ben- 
zoylhomocysteine thiolactone was therefore prepared, treated 
with weak alkali, and then aerated. Dibenzoylhomocystine 
was obtained in 84 per cent yield and no material similar to that 
obtained from homocysteine thiolactone was detected. 
Having achieved our first objective of finding out whethét 
homocysteine thiolactone could yield homocystine, we felt it 
would be of interest to investigate more closely the behavior of 
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the thiolactone towards dilute alkali to try to establish the nature 
of the “polymer-like” material and to see if we could obtain evi- 
dence as to the type of intermediate involved. On the basis of 
an analogy to the behavior of a-aminobutyryl-y-lactone, the 
formation of the diketopiperazine of homocysteine as an inter- 
mediate would seem the most plausible reaction. Fischer and 
Blumenthal (5) found that when the a-aminobutyryl-y-lactone, 
which they were able to isolate from the hydrochloride, was al- 
lowed to stand, apparently 1 molecule of this free basic lactone 
was opened by another and the diketopiperazine of y-hydroxy- 
a-aminobutyric acid was formed. In like manner, the diketopi- 
perazine of homocysteine might be formed from homocysteine 
thiolactone in the following fashion: 


8 
| ands wag ali, 
CH, C=0O NH,—CH—CH;, 
wa gp 
5 
H H 
| | 
N N 
is vA 
CH,-CH C=0 HSCH,—CH;—CH C=O 
| | “* | | 
CH, C=O CH—CH,—CH,SH O=C CH—CH,—CH,8H 
a a —- 
S NH, N 


| 
H 
Upon oxidation of this sulfhydryl diketopiperazine a disulfide 
polymer of the following type might result. 


NH—CO 
CH,CH,CH CHCH,CH, 
| \ VA | 
s CO—NH 8 8 
| | | 
NH—CO 8 s NH—CO 8 
4 \ | | fs | 
PRcH. CH CHCH,CH, CH,CH,CH CHCH,CH, 
\ f 


CO-—-NH CO—NH 
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On the other hand a dimer analogous to the one prepared by 
Greenstein (6) in the oxidation of the diketopiperazine of cysteine 
might be formed as indicated in the following formula. 


NH—CO 
4 de 
CH,—CH,—CH CH—CH,—CH, 
| a | 
s CO—NH s 
| | 
8 NH—CO 8 
| 4 » 
CH, —CH;—CH CH—CH,—CH, 
4 
cO—NH 


In investigating the behavior of this lactone hydrochloride with 
varying strengths of alkali under conditions preventing oxidation, 
we found that when 1 equivalent of NaOH was added and the 
solution of the free lactone allowed to stand at room temperature 
for some hours, a very beautiful crystalline material separated 
which gave a positive test for the presence of the sulfhydry! group. 
The composition of this material agreed with that which would 
be expected for the diketopiperazine. Moreover, acid hydrolysis 
of the compound yielded homocysteine thiolactone but oxidation 
did not yield homocystine. This behavior is in accord with what 
would be expected of such a diketopiperazine. Oxidation of 
this compound led to the formation of the original insoluble 
polymer-like compound mentioned above. Apparently _ this 
crystalline sulfhydryl compound is an intermediate in the forma- 
tion of the polymer-like compound. The identity of the former 
was therefore of much significance, since it would give some in- 
dication of the nature of the polymer-like compound. We con- 
sequently set about to establish the structure of the crystalline 
sulfhydryl material. 

It is obvious that if this compound were the diketopiperazine of 
dl-homocysteine two inactive modifications should be possible; 
that is, the racemic and meso forms. The crystalline material 
was therefore closely investigated for the possibility of its being a 
mixture. It was found in fact that a fractionation could be 
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effected by extraction of the material with hot absolute ethyl 
alcohol. The alcohol-insoluble compound, A, which could be 
crystallized from pyridine, melted at 237°. It crystallized in 
elongated hexagons. The alcohol-soluble compound, B, which 
could be crystallized from absolute ethyl alcohol, melted at 208°. 
It crystallized in whetstone-like crystals. Both compounds 
yielded, upon benzylation, derivatives which agreed in composi- 
tion with that which would be expected for 8,8’-dibenzy! deriva- 
tives of the diketopiperazine of homocysteine. This coincided 
with the supposition that Compounds A and B were diastere- 
oisomers of one another, one meso, the other racemic. The 
benzyl derivative of Compound A melted at 176° and crystallized 
in clusters of irregular shaped prisms and plates, while that from 
Compound B possessed a melting point of 165° and crystallized 
in elongated hexagonal plates. 

In order to bring to bear additional evidence for the interpreta- 
tion of the structure of the two crystalline compounds, A and B, 
the optically active isomers of homocysteine thiolactone hydro- 
chloride were prepared and their aqueous solutions were treated 
with 1 equivalent of NaOH in an atmosphere of nitrogen. In 
both cases a homogeneous crystalline compound was obtained, 
containing a sulfhydryl group and giving analytical data which 
agreed with that expected for the diketopiperazine. The op- 
tically active compounds melted at 212° and crystallized in needle- 
like rods, while the benzyl derivatives melted at 183°. The 
latter crystallized in short, thin prisms. Equal amounts of the 
active sulfhydryl compounds were then mixed together and re- 
crystallized from absolute aleohol. The recrystallized product 
was identical in crystalline form with Compound B. It possessed 
the same melting point, namely 208°, and an equal mixture of the 
two compounds showed no depression of the meltifig point. It 
was therefore clear that Compound B was a racemic isomer. 
From all indications, Compound A was apparently the meso 
isomer. These conclusions were borne out by a study of the 
benzyl derivatives. When the optically active benzyl derivatives 
prepared by benzylation of the sulfhydryl compound in liquid 
ammonia were mixed in equal amounts and recrystallized, a 
compound identical with the benzyl derivative of Compound B 
was obtained. 
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In order to place beyond question the suspected diketopipera- 
zine structures of the crystalline compounds obtained by the 
treatment of the thiolactone hydrochloride with 1 equivalent of 
alkali, a synthetic approach was undertaken. The diketopipera- 
zine of S-benzyl-d-homocysteine was prepared from its methyl 
ester by heating the free ester at 70° for 16 hours. S-Benzyl-d- 
homocysteine diketopiperazine was isolated from the reaction 
mixture and crystallized from alcohol. The product melted at 
183° and crystallized in short, thin prisms. The benzyl compound 
obtained from the benzylation of the sulfhydryl compound pre- 
pared by the opening of d-homocysteine thiolactone hydrochloride 
melted at 183°. The melting point of a mixture of these two 
benzyl! derivatives was also 183°. Both compounds had the same 
solubility behavior, the same crystalline form, and the same 
specific rotation. The molecular weight determined by the Rast 
method with camphor as a solvent agreed with that calculated 
for the diketopiperazine of S-benzylhomocysteine. It is there- 
fore clear that Compound B is unquestionably the racemic dike- 
topiperazine of homocysteine and by inference Compound A is 
the meso isomer. Since the polymer-like material obtained from 
the oxidation of the optically inactive mixture of the diketopi- 
perazine of homocysteine is apparently the same as that obtained 
by the treatment of homocysteine thiolactone with alkali in the 
presence of oxygen, it is clear that this material is most likely a 
disulfide of the diketopiperazine of homocysteine. 

In order to confirm this latter conclusion, we tried to prepare 
the diketopiperazine of S-benzylhomocysteine from the polymer- 
like material which was formed from the opening of the /-homo- 
cysteine thiolactone. It was found that the polymer-like sub- 
stance could be reduced in liquid ammonia with metallic sodium. 
Furthermore® benzylation of the reduced material in this medium 
led to the formation in excellent yield of a benzylthiol deriva- 
tive. This compound was identical with the synthetic diketo- 
piperazine of S-benzyl-l-homocysteine, thus establishing the di- 
ketopiperazine nature of the polymer-like material. 

Whether the polymer-like compound is a dimer or a polymer, 
represented by either of the structures given above, presented 
a difficult question because the insolubility of the substance in 
all suitable solvents that we investigated precluded a molecular 
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weight determination. We have been forced to rely for the time 
being on indirect evidence as to its structure. 

It was mentioned earlier that Greenstein had prepared a dimer 
of the diketopiperazine of cysteine. This compound resulted 
from the oxidation of cysteine diketopiperazine by H,O,. It 
will be recalled that our polymer-like material was formed by 
the oxidation of the sulfhydryl diketopiperazine with atmos- 
pheric oxygen. An experiment was therefore carried out in which 
the diketopiperazine of /-homocysteine was oxidized with H,O, 
according to the directions of Greenstein for the oxidation of 
the diketopiperazine of cysteine. The product which was ob- 
tained in almost theoretical yield was amorphous and had proper- 
ties similar to those of the polymer-like material referred to 
previously. Thinking that oxidation in very dilute solution 
might favor the formation of the dimer, we oxidized 400 mg. of 
the sulfhydryl diketopiperazine which had been dissolved in 4000 
ec. of water. Again the amorphous insoluble polymer-like mate- 
rial was obtained. 

A comparison of the properties of the dimer of Greenstein with 
those of our polymer-like material leads us to suspect that we are 
not dealing with simply the next higher homologue of Green- 
stein’s compound. There appears to be a more fundamental 
difference between the two compounds. Greenstein’s dimer 
erystallized readily in long, colorless needles and was soluble in 
water. Although the exact solubility was not given, it was at 
least sufficiently soluble in water to obtain a 0.4 per cent solution 
for the determination of the specific rotation. It was furthermore 
soluble in glacial acetic acid, so that a molecular weight deter- 
mination could be made. 

Although we cannot decide definitely between the dimer and 
polymer structures for our amorphous material, we feel that the 
great insolubility of the compound, its amorphous nature, and 
its dissimilarity in physical properties to the dimeric disulfide 
of the cysteine diketopiperazine favor the polymer nature for 
this disulfide of the diketopiperazine of homocysteine. 


EXPERIMENTAL 


Preparation of Polymer-Like Substance from dl-Homocysteine 
Thiolactone Hydrochloride—10 gm. of dl-homocysteine thiolactone 
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hydrochloride and 5.48 gm. of NaHCO, were dissolved in 50 ee, 
of water. 1 drop of FeCl; solution was added and air was bubbled 
through the solution for 36 hours, when the sulfhydryl test was 
negative. The precipitated amorphous polymer-like compound 
was washed with dilute HCl to remove any iron, and then washed 
thoroughly with water, alcohol, and ether. The material decom- 
posed at 260-270°. A yield of 6.1 gm. was obtained. The substance 
was insoluble in all ordinary solvents, hot or cold, including acetic 
acid, acetic anhydride, formamide, acetamide, phenol, and mor- 
pholine. It was barely soluble in liquid ammonia. It dissolved 
in concentrated H,SO,, but the solution began to darken in a 
short time, thus indicating that a deep seated decomposition was 
taking place. The polymer-like material was insoluble in syrupy 
H;POQ,. The following analysis was obtained, corrected for ash 
and for the loss in weight when the material was dried at 100° 


in vacuo. 


Found, C 40.51, H 5.27, N 12.24, 8S 27.44 


Preparation of dl-N-Benzoylhomocysteine Thiolactone—1 gm. of 
dibenzoylhomocystine (3) in 12 cc. of 70 per cent acetone was 
treated with 2 gm. of granulated tin and 4 cc. of concentrated 
HCl. 2 drops of 1 per cent chloroplatinic acid were added and 
the mixture was refluxed for 2 hours. After the reduction the 
solution was diluted to 50 cc. with 50 per cent acetone and the tin 
was precipitated with H,S. The filtrate from the stannous sul- 
fide was concentrated to dryness in vacuo and the residue was 
extracted repeatedly with boiling benzene. After the benzene 
extracts had cooled slightly, an oil precipitated, which contained 
most of the color. This was discarded. The second precipitate, 
which was deposited later, consisted of large, colorless rod-shaped 
crystals melting at 134-136°.1 The material gave a negative 
sulfhydryl test at a pH alkaline to litmus but acid to phenol- 
phthalein. A positive sulfhydryl test was obtained at a pH 
alkaline to phenolphthalein. Upon hydrolysis with 20 per cent 
HCl, the homocysteine thiolactone was obtained. The following 
analytical values were obtained for the dl-N-benzoy] thiolactone. 


1 All melting points given are corrected. 
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CuHywNO,S. Calculated. C 59.71, H 5.01, N 6.33 
Found. ** 59.81, ‘* 5.14, ‘‘ 6.62 


Conversion of dl-N-Benzoylhomocysteine Thiolactone to Di- 
benzoylhomocystine—82 mg. of benzoylhomocysteine thiolactone 
were warmed with 4 cc. of 0.1 N NaOH until solution was com- 
plete. The solution, which was still alkaline to phenolphthalein, 
was aerated until the sulfhydryl test was negative. Acidification 
with HCl brought about the precipitation of an oil which solidi- 
fied on standing. This was removed by filtration and the filtrate 
upon standing deposited clusters of needles which were apparently 
the same material as the oil first obtained. The combined mate- 
rial weighed 74 mg., which is 84 per cent of the theoretical amount. 
A sample of dibenzoylhomocystine prepared directly from homo- 
cystine gave the same melting point, namely 180-182°, and a 
mixture of the two compounds showed no depression in melting 
point. 

Preparation of Two Inactive Isomeric Diketopiperazines of 
Homocysteine from dl-Homocysteine Thiolactone Hydrochloride —20 
gm. of dil-homocysteine thiolactone hydrochloride were dissolved 
in 150 ec. of water and 10.96 gm. of NaHCO; were added. Nitro- 
gen was bubbled through the solution for 14 hours. The precip- 
itated material was removed by filtration and was washed with 
water. The yield of crude compound was 14.6 gm. which rep- 
resents 95.5 per cent of the theoretical yield. 

13 gm. of the mixture were extracted with 700 cc. of hot abso- 
lute alcohol in three portions. After the alcoholic solution had 
been cooled, 7.1 gm. of whetstone-like crystals (Compound B) 
were deposited. The melting point of 208° was unchanged by 
recrystallization. As shown later, this is the racemic diketo- 
piperazine. The pure compound gave the following analytical 
data. 


CsHuN:0.8:. Calculated. C 41.00, H 6.02, N 11.96 
Found. “ 77. * 6a.“ 17s 


The alcohol-insoluble portion (Compound A) was dissolved in 
100 cc. of boiling pyridine with the exception of a small insoluble 
residue which was discarded. When the pyridine solution was 
cooled, 2.0 gm. of elongated hexagons which melted at 237° were 
obtained. The melting point failed to change on recrystallization. 
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As shown later, this is the meso diketopiperazine. The compound 
had the following percentage composition. 


CsH,sN20.82. Calculated. C 41.00, H 6.02, N 11.96 
Found. ** 40.95, “ 5.71, “* 11.65 


Freparation of Diketopiperazines of S-Benzylhomocysteine from 
Isomeric Diketopiperazines of Homocysteine—380 mg. of the meso 
diketopiperazine were suspended in a mixture of 10 cc. of pyridine 
and 1C ce. of water. 110 mg. of MgO and 0.7 cc. of benzyl chloride 
were added and the mixture was shaken for 2 hours. 0.2 cc. of 
benzyl chloride and 36 mg. of MgO were added and the mixture 
was shaken again for 2 hours. This procedure was repeated until 
a sulfhydryl test on the solution was negative. A heavy precip- 
itate which had settled out was filtered and was washed with 
water. The precipitate was then dissolved in 50 cc. of boiling 
95 per cent ethyl alcohol. The small amount of insoluble residue 
was discarded. The filtrate was concentrated to 25 ec. Upon 
cooling, the solution deposited 210 mg. of the meso diketopipera- 
zine of S-benzylhomocysteine which crystallized in irregularly 
shaped prisms and melted at 176°. Two recrystallizations from 
alcohol failed to raise .the melting point of this material. The 
following analytical values were obtained. 


C2HesN:0.82. Calculated, N 6.76; found, N 6.70 


The di-diketopiperazine, which melted at 208°, was benzylated 
in similar manner. The dibenzyl derivative of this isomer melted 
at 165° and crystallized in elongated hexagonal plates. The same 
yield of dibenzyl derivative was obtained in both instances. The 
following analytical values were obtained. 


CrHaeN:0.8,. Calculated. C 63.72, H 6.32, N 6.76, 8 15.48 
Found. “* 63.58, “‘ 6.45, “ 6.75, “ 15.47 


Preparation of Optically Active Diketopiperazines from Cor- 
responding Enantiomorphic Homocysteine Thiolactone Hydrochlo- 
rides—The active homocysteine thiolactone hydrochlorides were 
prepared from the corresponding isomers of S-benzylhomocysteine 
(4) according to the directions given for the dl compound (2). 
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The active isomers melted at 194°. The / isomer pcssessed a spe- 
cific rotation of [a] > = +21.5° for a 1 per cent solution in water, 
and the enantiomorph had an equal rotation of opposite sign. 

10 gm. of /-homocysteine thiolactone hydrochloride were dis- 
solved in 100 ec. of water and 5.48 gm. of NaHCO; were added. 
Nitrogen was bubbled through the solution for 24 hours. The 
precipitate which separated was removed from the solution by 
filtration. 7.2 gm. of material which melted at 208° were ob- 
tained. After one recrystallization from absolute alcohol, the 
diketopiperazine of l-homocysteine melted at 212° and had a 
specific rotation of [a] 27 — —53.5° for a 1 per cent solution in 
pyridine. Further recrystallization failed to raise the melting 
point. The following analytical values were found for the 
compound. 


CsH,.N;0.8:. Calculated, N 11.96; found, N 11.79 


.- 10 gm. of d-homocysteine thiolactone hydrochloride were 
treated just as described above for the -homocysteine derivative. 
The diketopiperazine was obtained in the same yield and with 
the same melting point, 212°. It possessed a specific rotation of 
[a] 2? = +54.5° for a 1 per cent solution in pyridine. The fol- 
lowing analytical values were found. 


CsHuN2082. Calculated, N 11.96; found, N 11.80 


Preparation of Dibenzyl Derivatives of Optical Isomers of the Dike- 
topiperazine of Homocysteine—20 mg. of sodium were dissolved in 
25 cc. of dry liquid ammonia. To this solution 100 mg. of /- 
homocysteine diketopiperazine were added. This was imme- 
diately followed by the addition of 0.12 cc. of benzyl chloride. 
After the ammonia had been allowed to evaporate, the residue 
was suspended in 50 cc. of water and then filtered. The insoluble 
diketopiperazine of S-benzyl-l-homocysteine was recrystallized 
from 15 cc. of absolute alcohol. The short, thin prisms which 
melted at 183° weighed 60 mg. and gave a specific rotation of 
[a] = —61.0° fora 1 per cent solution in pyridine. The fol- 
lowing analysis was carried out. 


CxHesN:028:. Calculated, N 6.76; found, N 6.84 
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The d-sulfhydryl diketopiperazine prepared from d-homocys- 
teine thiolactone hydrochloride was benzylated by the same 
method and the product obtained also melted at 183° and had an 
equal rotation of opposite sign to that of the / isomer. The 
following analytical value was found. 


Cx2H2sN20.82. Calculated, N 6.76; found, N 6.91 


Preparation of dl-Diketopiperazine of Homocysteine and of dl- 
Diketopiperazine of S-Benzylhomocysteine—10 mg. each of the 
d- and I[-diketopiperazines of homocysteine were mixed and the 
combined amount recrystallized from absolute alcohol. The 
recrystallized product melted at 208° and crystallized in whet- 
stones. There was no depression in the melting point of a mix- 
ture of this compound with the alcohol-soluble diketopiperazine 
(Compound B) prepared from dil-homocysteine thiolactone. 

10 mg. of d- and 10 mg. of /-diketopiperazine of S-benzylhomo- 
cysteine were mixed and the mixture was recrystallized from 
alcohol. The compound melted at 165° and showed no depression 
in melting point when it was mixed with the benzyl derivative 
which had been prepared from the alcohol-soluble diketopipera- 
zine of homocysteine (Compound B). The crystalline forms were 
identical. 

From these results, we concluded that the diketopiperazine of 
dl-homocysteine which melts at 208° and which is soluble in 
alcohol is the racemic isomer. It gives a dibenzyl derivative 
which melts at 165°. The diketopiperazine which is insoluble 
in alcohol and which melts at 237° is the meso form. Its di- 
benzyl derivative melts at 176°. 

Preparation of Polymer-Like Substance from l-Homocysteine 
Diketopiperazine with Hydrogen Peroxide—350 mg. of I-homo- 
cysteine diketopiperazine were dissolved in 60 cc. of hot water. 
H,O, was added dropwise until the sulfhydryl test was negative. 
After standing for 10 minutes the amorphous precipitate which 
had separated was filtered. This amounted to 160 mg. Further 
evaporation of the filtrate gave 130 mg. more of amorphous prod- 
uct. The following analyses were obtained on the dry and ash- 
free basis (dried at 100° in vacuo). 


Found, C 41.52, H 5.02, N 12.07, 8 27.23 
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The polymer-like substance, which was prepared by oxidation 
with either air or H,O, from the thiolactone or the sulfhydryl! 
diketopiperazine, exhibited the same properties qualitatively. 

Formation of Diketopiperazine of S-Benzylhomocysteine from 
Polymer-Like Material—500 mg. of the polymer-like amorphous 
material, which was prepared from d-homocysteine thiolactone 
hydrochloride by treating it with NaHCO, and by aerating the 
resulting solution, were added to 50 cc. of dry liquid ammonia 
which had 100 mg. of sodium in solution. 0.63 ec. of benzyl 
chloride was immediately added and the ammonia allowed to 
evaporate spontaneously. The residue was washed with water 
and then extracted with boiling absolute alcohol. The cooled 
extracts deposited 225 mg. of crystals which melted at 183°. 
The melting point showed no depression when the compound was 
mixed with the diketopiperazine of S-benzyl-d-homocysteine. 

The amorphous product which was prepared from the l-homo- 
cysteine diketopiperazine by H,O, oxidation was similarly reduced 
and benzylated in liquid ammonia. The recrystallized product 
likewise melted at 183° and showed no depression of the melting 
point when it was mixed with the diketopiperazine of S-benzyl- 
l-homocysteine. 

Conversion of S-Benzyl-d-Homocysteine to Its Diketopiperazine— 
A suspension of 1 gm. of d-benzylhomocysteine in 25 ec. of CH;OH 
was saturated with HCl. The solution was concentrated to an 
oil, CH;OH was added, and the concentration was repeated. The 
material was then concentrated three times with CHCl. The 
oily residue was dissolved in CHCl; and shaken with an aqueous 
suspension of Ag,O freshly prepared from 3 gm. of AgNO;. The 
CHCl; layer was filtered through a small amount of norit and 
concentrated to an oil. This oil was heated at 70° for 16 hours. 
The mixture of dark oil and solid which resulted was treated with 
acetone and filtered. The residue, which weighed 25 mg., melted 
at 183°. Recrystallization from 5 cc. of boiling absolute alcohol 
failed to change the melting point of the compound. The specific 
rotation of the product was [a] 2° = +62.0° for a solution of 15.7 
mg. in 5 cc. of pyridine. A mixture of the compound with the 
diketopiperazine of S-benzyl-d-homocysteine which was prepared 
from d-homocysteine thiolactone hydrochloride showed no de- 
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pression in melting point. The molecular weight was determined 
by the Rast method, with camphor as a solvent. 


CxHsN20.8;,. Calculated, mol. wt. 414; found, 410 
SUMMARY 


Homocysteine thiolactone hydroiodide when treated with dilute 
alkali followed by oxidation yields a high melting amorphous 
material which behaves like a polymer. An attempt has been 
made to establish the nature of this compound and to explain its 
formation. Hydrolysis of the polymer-like compound with 
strong acid yielded homocystine, thus indicating that the com- 
pound was some type of homocystine complex. 

It was shown that when the thiolactone is freed from the 
hydroiodide it reacts with itself to give the diketopiperazine of 
homocysteine. The structure of the compound so formed was 
established by comparison of its S-benzyl derivative with the 
diketopiperazine of S-benzylhomocysteine which had been syn- 
thesized by accepted methods. When the thiolactone was opened 
quickly with an excess of strong alkali, formation of the diketo- 
piperazine was prevented, and homocysteine was formed which 
could be isolated as homocystine after oxidation. 

The opening of the thiolactone of benzoylhomocysteine with 
dilute alkali was also studied. Only benzoylhomocysteine was 
formed as would be expected. 

The optically inactive mixture of the diketopiperazines of 
homocysteine was separated into the racemic and meso isomers. 
The identity of the racemic isomer was established by its prep- 
aration from the optically active diketopiperazines. This was 
confirmed by examination of the S-benzyl derivatives. 

Evidence has been presented that the sulfhydryl diketopiper- 
azine is an intermediate in the formation of the polymer-like sub- 
stance, indicating the latter is either the dimeric or a polymeric 
disulfide of the diketopiperazine of homocysteine. Confirmatory 
evidence was obtained by reduction of the polymer-like substance 
in liquid ammonia with sodium followed by benzylation. The 
diketopiperazine of S-benzylhomocysteine was isolated from the 
reaction mixture. 

The great insolubility of the polymer-like substance precluded 
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a molecular weight determination. This insolubility of the com- 
pound, its amorphous nature, and its dissimilarity in physical 
properties to the dimeric disulfide of the diketopiperazine of 
cystine favored the polymeric nature of this disulfide of the 
diketopiperazine of homocysteine. 
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THE DISTRIBUTION OF UNCOMBINED HEXOSAMINE 
IN PINEAPPLE PLANTS SUPPLIED EITHER WITH 
AMMONIUM SULFATE OR CALCIUM 
NITRATE SALTS* 


By C. P. SIDERIS, H. Y. YOUNG, anv B. H. KRAUSS 


(From the Pineapple Experiment Station, University of Hawaii, Honolulu, 
Hawaii) 


(Received for publication, June 30, 1938) 


Pineapple plants grown in solution cultures containing either 
ammonium or nitrate salts as sources of nitrogen were analyzed 
for various nitrogenous and carbohydrate constituents including 
hexosamine. 

Hexosamine was identified by means of its reaction with p-di- 
methylaminobenzaldehyde after acetylation with acetylacetone 
according to the method of Elson and Morgan (4) as modified and 
adopted by various investigators (1-3, 6-10) and also by one of 
the authors (H. Y. Y.). 

The method as finally adopted was as follows: Fresh plant 
tissues were thoroughly macerated in a porcelain mortar with 
quartz sand and the resulting pulpy material was extracted five 
times with water until a volume 10 times the weight of the tissues 
was obtained. The extract was treated immediately with lead 
acetate and then filtered. The filtrate was deleaded with dipo- 
tassium phosphate. It was then treated with toluene and used 
either immediately for chemical analysis or placed in a refrig- 
erator for future use. The reagents were prepared as described 
by Palmer, Smyth, and Meyer (10). 1 cc. of plant extract was 
delivered into a 16 X 150 mm. Pyrex test-tube calibrated at 
5c. 0.5 cc. of acetylacetone solution was introduced and the 
tube was either covered with a glass bulb or lightly stoppered 
with a cork stopper. The mixture was digested in a boiling 


* Published with the approval of the Director as Technical Paper No. 
117 of the Pineapple Experiment Station, University of Hawaii. 
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water bath for 15 minutes. It was then cooled to room tem- 
perature and diluted with 2.5 ec. of alcohol. 0.5 ce. of 
Ehrlich’s reagent (p-dimethylaminobenzaldehyde) was added 
drop by drop with shaking and the mixture was brought to the 5 
ec. mark with alcohol. After precisely 20 minutes standing at 
room temperature, the extinction coefficient was read in a Pulfrich 
gradation photometer (Zeiss) with use of a 1 cm. cell and Filter 
8-53. The amount of hexosamine (glucosamine) present was cal- 
culated by the equation, 


Extinction coefficient 
0.0066 





= micrograms hexosamine 


The only important modification of the method of Palmer et al. 
(10) is in the time allowed for the development of the final color’ 
A reaction time of 20 minutes at room temperature was chosen 
because it was found that in the presence of large amounts of 
reducing sugars, such as are found in pineapple extracts, serious 
error arose from interference by the sugars when longer periods of 
reaction were allowed. Data are presented in Table I to bring 
out this point. 2 mg. of sugar per cc. were employed, which was 
approximately the maximum amount of reducing sugar present 
per cc. of extract prepared by our procedure. As noted in Table 
I, even after 20 minutes reaction, a slight color developed with 
most of the sugars. Therefore, a small correction, based on the 
values given in Table I, was made, depending on the time of reac- 
tion and the kind and quantity of sugar present. The non- 
interference of different sugars as reported by others (4, 10) is 
probably due to the presence of very small amounts in their 
samples. 

Satisfactory recovery of hexosamine is obtained when gluco- 
samine hydrochloride is added either to plant extracts or to invert 
sugar, according to Table II. 

Asparagine, sodium acetate, and dipotassium hydrogen phos- 
phate do not produce any color, whereas pure hexosamine de- 
velops a fully complete color even after 10 minutes. The amino 
acids, alanine, arginine, cystine, glutamic acid, glycine, histidine, 
leucine, lysine, methionine, proline, serine, tryptophane, tyrosine, 
and valine, when present alone, did not produce any color. Only 
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glycine and lysine, when present with a large quantity of a reducing 
sugar such as glucose, produced a measurable amount of color. 
This was also true of a mixture of ammonium sulfate and glucose, 
as shown in Table III. However, the addition of glucose and 


Taste [| 


Effect of Time on Color Developed by Various Substances in Determination 
of Hexosamine 





Extinction coefficients 





| 10 min.| 20 min.| 30 min.) 45 min.) 1 hr. | 1.5 brs. 




















mg. | 
per ce. | | 
Glucosamine HCl......... 0.050 0.270, 0.270) 0.270) 0.268 0.270 
Dextrose......... so kw cpa 0.001) 0.008, 0.020) 0.035 0.060) 0.100 
Levulose......... oa 2.00 , 0.010 0.020) 0.042) 0.075 0.110; 0.150 
Mannose............. -..| 2.00 | 0.016) | 
as 0 | 0.005) 0.003 ..S 
Invert sugar...............| 2.00 | 0 0.015) 0.033) 0.047, 0.075 
~~! | | 
Plant Extract Cl.... me 0.080) 0.085) 0.102) 0.173 
ag ” a Saw 1 | 0.273) 0.287 0.290) | 0.320 
TasBie II 


Recovery of Glucosamine Hydrochloride Added to Aqueous Plant Extracts and 
Solution of Reducing Sugar 





| Glucosamine 
Sample ——| Recovery 


Total 
Present Added jeand Recovered 








micrograms | micrograms | micrograms | micrograms per cent 














Plant Extract Cl....... 15 50 63 48 96 
? “ + Eee oP 15 50 63 48 96 
° “: a 52 25 77 25 100 
y > : ey 52 25 80 28 112 

Invert sugar............. 0 50 47 47 94 





ammonium sulfate to pure glucosamine did not increase the color 
developed by glucosamine alone, as found by Palmer et al. (10). 
Furthermore, the addition of glycine, lysine, glucose, and am- 
monium sulfate to glucosamine did not influence the color pro- 
duced by glucosamine except in cases where hexosamine was 
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present in very low concentrations. In view of the fact, based on 
quantities of a-amino nitrogen, that our samples could not possibly 
contain any higher concentrations of either glycine or lysine than 
those added to them and that glucosamine, when added to these 
samples, was satisfactorily recovered, it is unlikely that inter- 
fering substances were present to any greater extent than as in- 
dicated in Table ITI. 

The calibration curve which was prepared with pure glucosamine 
hydrochloride shows practically a straight line up to 0.080 mg. 


Taste III 


Effects of Glucose, Ammonium Sulfate, Glycine, and Lysine Added to 
Solutions of Hezosamine on Extinction Coefficient Values of the Latter 








Sample |Hexosamine| Glucose | (NHi):80,| Glycine | Lysine | Extinction 
— mg. per ce. ee <—— —e 
1 10 0 0 0 0 0.058 
2 25 0 0 0 0 0.139 
3 50 0 0 0 0 0.282 
A 0 2 10 0 0 0.032 
B 0 2 0 20 0 0.040 
Cc 0 2 0 0 20 0.052 
D 0 2 0 20 20 0.058 
1-E 10 2 10 20 20 0.103 
2-F 25 2 10 20 20 0.170 
3-G 25 2 10 500 0 0.238 
4-H 50 2 10 0 0 0.275 
5-I 50 2 10 20 0 0.280 
6-J 50 2 10 0 20 0.275 
7-K 50 2 10 20 20 0.264 























per cc. Higher concentrations of hexosamine than 0.08 mg. per 
cc. are subject to an appreciable error in its determination by this 
method. It was, therefore, possible to calculate from values 
obtained from known concentrations, some of which are shown in 
Table III, the extinction coefficient factor 0.0055 per microgram 
of glucosamine hydrochloride or 0.0066 per microgram of glucosa- 
mine which was employed in the equation given in the above 
procedure. 

The distribution of hexosamine in plants has been studied very 
little. Scholl (11) and Iwanow (5) have reported its presence in & 
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nitrogen-containing polysaccharide (chitin) occurring in the cell 
walls of higher fungi. There is either very little or possibly no 
information regarding the distribution of hexosamine in chloro- 
phyllous plants. And as far as the authors are acquainted with the 


TaBLe IV 
Mg. of Hexosamine per Gm. of Fresh Tissues of Different Sections of Leaves, 
Stem, and Roots of Pineapple Plants Grown in Solution Cultures 
Supplied Either with Ammonium Sulfate or Calcium Nitrate 
Salts As Nitrogen Source 





“npply. 











Plant sections Am- Cal- 
nium | “um 
sulfate nitrate 

Old leaves Basal and transitional 0.191) 0.056 

Chlorophyllous, low 0.278) 0.082 

" intermediate 0.445) 0.118 

. terminal 0.455) 0.137 

Mature leaves | Basal 0.155) 0.100 
Transitional 0.228 


Chlorophyllous, low 
- intermediate 
= terminal 
Active - Basal 
Transitional 
Chlorophyllous, low 


esece 
Re SSs 
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- intermediate 0.256 

= terminal 0.346 

Young - Basal 0.127 
Transitional 0.071 
Chlorophyllous, low 0.164 

as intermediate and terminal | 0.288 

Roots 0.009 
Stem Base 0.142) 
Middle 0.045 

Apex 0.049 





literature, free occurring hexosamine, e.g. not obtained from hy- 
drolyzed glycoproteins or polysaccharides, has not been reported 
in plants. Only in the cysts or echinococci of Tznia echinococcus 
(12) was hexosamine found in the uncombined state. 

The distribution of free hexosamine in different sections of 
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pineapple leaves, roots, and stem of two sets of 1 year-old pine- 
apple plants, one grown in ammonium sulfate and the other in 
calcium nitrate solution cultures, is reported in Table IV. The 
data show that the mature and advanced groups of leaves of 
plants supplied with ammonium sulfate contained more hexos- 
amine than comparable sections of the leaves of plants supplied 
with calcium nitrate. The active and young groups of leaves of 
both lots of plants contained, with certain exceptions, approxi- 
mately equal amounts of hexosamine. The physiological sig- 
nificance of these findings together with other data will be pre- 
sented and discussed in a future publication. 

Studies are under way for the isolation and further identification 
of the above substance by means of other chemical reactions. 


SUMMARY 


The method of Elson and Morgan (4) for the determination 
of hexosamine with the modifications of various investigators and 
the authors has been employed for the determination of free or 
uncombined quantities (not obtained from hydrolyzed glyco- 
proteins) of this substance in pineapple plant tissues and found 
satisfactory. Possible interference by glycine and lysine in 
hexosamine determinations is indicated. 

The modification as introduced by one of the authors (H. Y. Y.) 
limits the time to 20 minutes between heating and reading the color 
value in a Pulfrich photometer, because it was found that with 
longer time intervals reducing sugars (2 mg. per cc.) interfered 
with the accuracy of the method. 

Hexosamine was present in considerably greater amounts in the 
advanced and mature leaves of plants supplied with ammonium 
sulfate than in those of plants supplied with calcium nitrate. In 
the active and young leaves of both lots of plants the amounts of 
hexosamine were approximately the same. 
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A NEW VITAMIN D IN COD LIVER OIL 
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AND E. LeB. GRAY 


(From the Research Laboratory, Mead Johnson and Company, Evansville, 
Indiana, and the Research Laboratory, Eastman Kodak Company, 
Rochester, New York) 


(Received for publication, July 12, 1938) 


In previous studies (1) it was shown that the liver oils of differ- 
ent species of fish are unequally effective, per rat unit, for the 
prevention of rickets in chickens. The experiments indicated 
the existence of more than one kind of vitamin D in the oils. 
More recently it was found (2, 3) that commercial cod liver oil, 
when subjected to molecular distillation, gives physical evidence 
of containing two principal, and two minor vitamins D, with 
traces of still two more forms. 

The present report covers the bioassay of the most volatile 
vitamin D of cod liver oil. This is one of the minor forms. It 
was separated (2, 3) in the Eastman laboratory as the first fraction 
of the first fraction of the vitamin D-bearing distillate obtained 
from 2 tons of commercial Norwegian cod liver oil. The bioassay 
techniques for rats and for chickens, with procedures for estimating 
errors, are also elsewhere described (4,5). The rat assay technique 
is in a somewhat improved form, and includes the use of a refer- 
ence oil such as is used in the chicken technique. 

The cod liver oil was assayed against the v.s.p. reference cod 
liver oil. 50 rats were used in the final assembly, twenty-five 
on the test oil and twenty-five on the reference, other rats used 
in exploratory trial assays not being counted. The oil contained 
270 international units of vitamin D per gm. Since the liver 
oil of the common codfish, Gadus morrhua, contains on the average 
100 international units per gm., and rarely more than 150 inter- 
national units, it is reasonable to suppose that this inordinately 
potent oil represented some codfishes other than Gadus morrhua. 

241 











7 
; 
: 
5 
» 








242 New Vitamin D in Cod Liver Oil 


It may be noted that oils from the allied species of Gadus are legally 
cod liver oil, and in fact are typical of the better medicinal grades 
of this product. 

The distillate was assayed similarly, with twenty-three pairs 


TABLE I 


Relative Effectiveness of Cod Liver Oil and Low Boiling Distilled Vitamin D 
for Rats and Chickens 
































100 gant per | Response obtained Efficacy ratio 
Product administered to 
chickens Prob- I. 0. of Cod 
able a : Probable ~ yl Probable 
error error oO) error 
gm. = 100 
inter- 
tsmat| Zee | poreont | | percent | | perce 
units 
Theoretical responses, | 6.67 40.27 100 
taken from master | 8.00 41.50 100 
curve, pure cod |16.00 45.77 100 
liver oil 60.00 >48.30 100 
Series 1 
v.s.P. reference cod | 8.00+2.0) 40.50/6.90) +9 86 +9 
liver oil 8.00)/+2.0 40.24) 6.64 +10 | 83) +10 
Commercial cod liver | 8.00.+6.0) 39.82; 6.12; +10 77; +=+12 
oil 8.004+6.0) 38.90) 5.20) +11 655 +13 
Low boiling D distil- | 6.67\+7.0| 35.50) 0.01) Great ° . 
late 6.67|+7.0| 35.70) 1.70 . ° ° 
Series 2 
v.s.P. reference cod | 8.00\+2.0) 41.13) 7.63) +9 95, +9 
liver oil 8.00/;+2.0) 41.55) 8.05) +9 101; +9 
Low boiling D dis- /16.00.47.0| 42.93) 9.75, +10, —9 61) +12, —ll 
tillate 16.00/+7.0/ 41.14 7.64) +9 | 48) 411 
60.00/+7.0| 45.29/14.68) +9 | 24) +11 
60.00'+7.0| 46.2217.48 +10, —9| 29 +12, —11 





* Response too low for significant interpretation. 


of rats. It contained 2666 international units of vitamin D per 
gm. Thus it represented a potency concentration of about 10 
times, though it was still remote from a pure vitamin D. 

The assays with chickens were carried out in two series, which 
are summarized in Table I. For each test group in each series, 
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ten chickens were used, and each test group was assayed twice, 
for better accuracy. Also given in Table I, are the theoretical 
values, taken from the master curves in the published technique 
(5), which illustrate the ideal, or expected, femur ash development 
in response to doses of pure cod liver oil of the same size as the 
doses of the preparations investigated. 

In Series 1 the reference oil gave a response which was somewhat 
below par, but not significantly so. The commercial oil gave 
a still lower response, but here again the difference was not sig- 
nificant, if one accepts as the criterion of significance the limit of 
3 times the probable error. The low boiling vitamin D, however, 
failed to elicit femur ash response, although it was administered 
at a level at which good response was expected. 

In Series 2, the reference oil gave a response close to normal. 
16 units of low boiling vitamin D had an efficacy ratio of about 
half normal, and 60 units about one-quarter normal. These are 
significant differences. The fact that the efficacy ratios at 16 units 
and 60 units were not the same merely indicates, as has been 
pointed out before in another connection (5), that the response to 
the vitamins involved is dissimilar. It is additional evidence that 
the low boiling distilled vitamin is different from the bulk of the 
vitamin in the original oil. 

In the paper (3) in which the distillation of the several vitamins 
D from cod liver oil was described, the point was made that the 
lowest boiling form may differ from the familiar forms in the 
complete absence of the side chain on the cholane nucleus. This 
supposition is based only on boiling point analogies under the 
conditions of molecular distillation, but if it is true, the form of 
vitamin D investigated in the present work would be the simplest 
possible one, and in a sense, the prototype of all the others. 


SUMMARY 


The most volatile of several vitamins D which occur in cod 
liver oil was assayed with rats and chickens. Per rat unit, it 
was from one-half to one-fourth as effective for chickens as the 
total vitamin D of the oil. The assays substantiate the evidence, 
previously obtained from molecular distillations, that cod liver 
oil contains several vitamins D. 
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PROTEOLYTIC ACTIVITY OF PLASMA DURING TUMOR 
OR EMBRYONIC GROWTH IN RATS 


By LEOPOLD WEIL anp MARY A. RUSSELL 


(From the Biochemical Research Foundation of the Franklin Institute, 
Philadelphia) 


(Received for publication, July 29, 1938) 


Tumor and embryonic growth are characterized by rapid cell 
division, which exerts a marked influence on certain metabolic 
processes. Both involve, among other things, an intensive pro- 
tein metabolism for building up the protein constituents of the 
cell. It seemed probable that such growth processes would be 
reflected in some way in the proteolytic system of the blood of the 
animal involved. Such a relationship is here demonstrated. 


EXPERIMENTAL 


Because of individual variations, it is important, in studies of 
this kind, that blood changes be followed in individual animals 
throughout the whole growth period. Rats are particularly 
suitable subjects, since they can be held under closely standard- 
ized conditions, and since they are readily susceptible to trans- 
plantable tumors which grow at a rate sufficiently rapid so that 
results may be obtained in a relatively short time. However, 
rats are subject to the disadvantage of a limited blood supply for 
repeated enzymatic determinations. The total amount of blood 
in a 200 gm. rat is only 6 to 7 ec., so that when determinations 
are to be made several times weekly over the whole period of 
tumor or embryonic growth, the quantity taken for each analysis 
should not exceed 1 or 2 drops. Removal of larger amounts 
involves the risk of upsetting the balance of the blood enzyme 
systems. This difficulty was overcome by making use of the 


‘excellent microtechnique of Linderstrém-Lang and Holter (1) 


which, with certain modifications, made it possible to carry out 
the desired analyses with only 0.04 cc. of blood. 
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The general technique was as follows: The rats were fasted 
for about 18 hours before an analysis was to be made. The tail 
was then dipped into water at about 50° to cause expansion of the 
tail vein, thus enhancing subsequent bleeding. A small section 
of the tail was cut off, and 2 drops of blood were squeezed out 
onto a microscope slide. The blood was drawn up into a paraffin- 
washed capillary tube (calibrated roughly to 40 c.mm.) and 
quickly blown out onto a microscope depression slide containing 
the necessary amount of potassium oxalate in dry form to prevent 
coagulation. The oxalated slides were prepared by pipetting 
30 c.mm. of 0.45 per cent potassium oxalate solution into the 
depression, and drying at 110°. The oxalated blood was drawn 
up into thick walled capillary tubes, about 7 cm. long and | mm. 
inside diameter, similar to those used in the determination of red 
blood cell sedimentation. The tubes were tightly closed by 
means of rubber bands, and placed in a small centrifuge at 3000 
r.P.M. for 5 minutes. The clear, unhemolyzed plasma was then 
carefully removed by a capillary pipette, which also was paraffined 
to reduce loss of plasma due to cohesion at the capillary wall. 
(The paraffin can best be applied by rinsing the capillary tubes 
once with a solution of paraffin in toluene, and drying at 110°. 
The thin coating left on the walls gives the desired effect.) The 
plasma was again blown out on a slide, and was then ready for 
exact measurement for the enzyme determinations. For this, 
the technique of Linderstrém-Lang and Holter was followed in 
detail. To prevent errors due to evaporation, all manipulations 
were carried out as rapidly as possible. In all studies to be 
reported, 7 c.mm. of plasma were used for each enzyme deter- 
mination. 

pH Optimum of Plasma Aminopolypeptidase—Preliminary 
studies were made on the pH optimum of plasma aminopoly- 
peptidase. In agreement with Grassmann and Heyde (2) an 
optimum at pH 7.5 was found. Reaction mixtures were made 
to contain 1 ec. of pooled oxalated rat plasma, 3 cc. of citrate- 
phosphate buffer (3), and 0.5 ce. of 0.2 m dl-leucylglycylglycine 
previously adjusted to the pH of the buffer. After addition of a 
drop of toluene, the mixtures were incubated at 37° for 20 hours. 
8 cc. of water were added, and the protein precipitated by slowly 
dropping in 1 cc. of 5 per cent colloidal Fe(OH); at about 90°. 
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After the material was centrifuged and filtered, the increase in 
free amino groups was measured on 7 cc. of the filtrate by the 
Van Slyke method. The latter permits the use of buffers, which 
interfere in the microtitration method. The results, expressed as 
ec. of 0.05 n KOH equivalent to the amino nitrogen found, are 
as follows: 





6.0 pH 65pH | 70pH | 75pH | 80pH 8.5 pH 





Activity, cc. 0.05 w KOH 


0.32 | 0.36 | 040 | 068 | 0.56 | 0.32. 








Attempts were made to measure the dipeptidase of the plasma, 
but the activities found were so low that they were hardly outside 
the limits of the experimental error. The instability of this 
enzyme, as reported by Grassmann and Heyde (2), may account 
for this observation. It is probable, therefore, that the de- 
composition of di-leucylglycylglycine is almost wholly due to the 
action of the plasma aminopolypeptidase, and that the above 
data truly represent the activity of this enzyme. 

Aminopolypeptidase in Rat Plasma during Tumor Growth- 
Normal rats and rats inoculated with Walker No. 256 carcinoma 
and Philadelphia No. 1 sarcoma were studied. Blood samples 
were taken every few days, as described above, beginning before 
the inoculations were made, and continuing until the last stages 
of tumor growth. Tumor tissue was implanted subcutaneously 
into each flank, the twin tumors, in general, growing at about the 
same rate. In case the inoculations were unsuccessful, they were 
repeated; if tumor growth again failed to occur, the rats were 
considered to be immune (negative). For the aminopolypep- 
tidase estimation, 7 c.mm. each of rat plasma, 0.2 m dl-leucy- 
glycylglycine (pH 7.5), and 0.005 n H,SO, were pipetted into a 
microreaction vessel. This amount of acid kept the reaction 
mixtures very near to pH 7.5 over a period of 48 hours, and made 
unnecessary the use of buffers, which have a disturbing effect on 
the subsequent titration. The reaction vessels were placed in a 
desiccator containing a small vial of chloroform to stop bacterial 
growth. A constant chloroform vapor pressure (10 mm. of Hg) 
was maintained by means of a mercury regulator. To prevent 
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evaporation of the reaction mixtures, water was placed at the 
bottom of the desiccator. Incubation was carried out for 22 
hours at 37°. After addition of 50 c.mm. of 0.005 n MgSO, 
(to enhance flocculation of the colloidal Fe(OH);), the proteins 
were precipitated by means of 7 c.mm. of 5 per cent colloidal 
Fe(OH);. The latter must be added very slowly, which can be 
done by decreasing the pressure used for emptying the micro- 
pipette (see Linderstrém-Lang and Holter (1)); proper stirring 
during the addition was obtained by means of the usual magnetic 


TaBe I 
Aminopolypeptidase Activity of Rat Plasma during Tumor Growth 
The values are given in terms of c.mm. of 0.05 N alkali. 





Days Philadelphia No. 1 Walker No. 256 — 
after =a Normal rats | enseemnn pom ant = 





4.58/6.14|4.9814. 10/4. 544.6414. 504.925. 12/5.36|4.98 5.24.5.08/4.00 
4.38 4.6216. 12/4.845.02/4.42 4..54/4.9815,22)6.145.5415.72)5.48.4.96 
4.56/4.6414.60/4.5814.624.365.96|5.66 [6 1415. 7815.8214.74 

4.70/4.62/4.90 4. 38|4.88/4.24 4. a. 16)5 68 4.66.5.5815.36 4584.40 
5.64/5.64.5.34/5.786. 166. 30 5.86.4 .90/4.66/4.56 5.66,5.16 5.02)5.40 
6.42)5.23,5.44 6.165.446. 10/4.465.54 4.965.024.8014. a 16 5.34 
5.84)5.34)5.38.5.68,5.60)5. 286.24 5.56 4.58 4.0214.02.4.64 5.58 
5.54 4.60)5.78)5.76,5.92'5.68.5.56) 4.86 5.12.5.20/4.96,5.96.5.66 
5.20/4.98)5.62'5.40\5.62'5. 204.964.705.845. 445.56,6.06 5, 345.82 
5.12/4.38\5.76 4. 8814.94 3.94 4.76 4.54.5. 105.63/4.825.365. 1414.90 
5.64|5 025.08 5.20,4.96 5.40.5.12)5.86 | | 





5. 06/5. 286.54 5. 425. 345.886. 02/5.58, 


RESRBRERSABeanwe 


| 
4.98 5.665. 145. 08 4. 965. 545. 28 4.90 | | 
5.60/4.96)5. 445.906.025.605. 70/5.10) | 








stirring device. The reaction vessels were then closed with a 
rubber cap and allowed to stand 2 hours in the ice box. At this 
time the supernatant fluid had become clear and could be cen- 
trifuged. The —COOH increase in 35c. mm. of the supernatant 
liquid was measured by microformol titration (4). To prevent 
the disturbing effect of atmospheric CO, during the alkali titra- 
tion, the previous method of Linderstrgm-Lang, Weil, and Holter 
(5) was modified by placing a layer of paraffin oil above the re- 
action mixture. This technique is simpler and more effective 
than that previously used. Table I gives the aminopolypeptidase 
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activities found in plasma, in terms of c.mm. of 0.05 N alkali 


equivalent to the —-COOH groups liberated. 


It is evident that 


no important changes in this enzyme took place during tumor 
growth. Rats bearing Philadelphia No. 1 sarcoma or Walker 
No. 256 carcinoma showed activities quite similar to those of 


normal or tumor-resistant rats. 


Plasma Proteinase 


The literature on plasma and serum proteinase is quite 
extensive. Hedin (6), Okubo (7), Utkin-Ljubowzow (8), Abder- 
halden (9), and Schmitz (10) were able to demonstrate a pro- 


teinase in serum active near neutrality. 


In addition, Utkin- 


Ljubowzow (8) found a pepsinase having an optimum at pH 


Taste II 


pH Optimum of Plasma and Serum Proteinase in Cc. of 0.05 n KOH 











Td inte ssunniavelrdaesenscsw! 3 4 5 | 6 | 7 s 
Plasma, measured on gelatin..... 0.0 | 0.0 | 0.10 | 0.32 | 0.82 | 0.24 
Serum, 4 = —T rs 0.0 | 0.0 | 0.15 | 0.54 | 1.28 | 0.40 
Plasma, ” * clupein 

CE crccth sacs 46 aunkoeor 0.0 | 0.0 | 0.0 0.22 | 0.46 | 0.26 











2.6. Kleinemann and Scharr (11), however, claim that blood 
serum, like cathepsin, exhibits its proteolytic activity in acid 
medium, and that only the globulin fraction shows activity at 
Our results indicate that plasma 
and serum contain a proteinase with an optimum near pH 7; 
no activity could be detected at the more acid pH values. 

pH Optimum of Serum and Plasma Proteinase—Serum and 
plasma were prepared from a sample of rabbit blood. To 1 ce. 
portions were added 1 cc. of water, 3 cc. of citrate-phosphate 
buffer, and 1 cc. of 6 per cent gelatin or 1 cc. of 6 per cent clupein 
sulfate, these substrates being previously adjusted to the proper 
pH. After incubation at 37° for 42 hours, 4 cc. of water were 
added, and the mixtures deproteinized with 1 ec. of 5 per cent 
colloidal Fe(OH);. ‘The —-NH¢ increases in 6 ce. of the filtrates 
thus obtained were determined by the Van Slyke method. The 
As shown, plasma and serum 


pH 7 (casein used as substrate). 


results are given in Table II. 
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proteinases exhibit their optimal activities at neutral pH. It 
will be noted that serum proteinase is slightly more active than 
is plasma proteinase. The recent work of Schmitz (10) demon- 
strated the presence, in blood, of a proteinase inhibitor, and it is 
possible that coagulation may cause a partial removal of this 
inhibitor, thus accounting for the greater activity of the serum 
proteinase. 

Effect of Cysteine on Plasma Proteinase Activity—It appeared 
possible that plasma might contain a catheptic enzyme, but in 
an inactive form. This possibility was investigated by use of 
cysteine as activator for this enzyme. The experiments were 
carried out as described for the determination of the pH optimum, 
except that 5 mg. of cysteine hydrochloride, adjusted to the proper 
pH, were used in addition. Gelatin was used as substrate. To 
prevent oxidation of cysteine, the incubations were carried out in 
an atmosphere of hydrogen. Chloroform was used as antiseptic. 
As shown in the following tabulation, no catheptic activity could 
be detected with cysteine as activator, the proteinase itself being 
almost wholly inhibited at pH 7. 











TS ESR ie, Pass © ee 3 4 5 6 7 8 
Initial activity................... 0.0 | 0.0 | 0.0 | 0.30 | 1.02 | 0.10 
Activity with cysteine............| 0.0 | 0.0 | 0.0 | 0.0 | 0.08 | 0.0 








Plasma Proteinase Activity during Tumor Growth in Rats— 
Normal rats, rats with Philadelphia No. 1 sarcoma, Jensen sar- 
coma, and Walker No. 256 carcinoma, and rats resistant to tumor 
growth after repeated inoculation were studied. The technique 
was identical with that used in the aminopolypeptidase work, 
except that 7 c.mm. of 0.006 Nn H,SO, were used to maintain the 
pH at 7, and that 7 c.mm. of 5 per cent casein were used as sub- 
strate instead of the dl-leucylglycylglycine. Incubation was 
carried out at 37° for 44 hours, with the precautions previously 
described. The results are given in Table III, in c.mm. of 0.05 
n alkali equivalent to the —COOH increase. As shown in all 
cases studied, tumor growth is associated with a decrease in 
plasma proteinase activity. The decrease is noticeable even at an 
early stage, and after reaching a minimum value in 15 to 18 days, 
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the activity remains fairly constant. Normal and tumor-re- 
sistant rats behaved similarly in showing a practically constant 
level of serum proteinase activity throughout the whole experi- 
mental period. 

Effect of Tumor Removal on Plasma Proteinase Activity—Since 
tumor growth appeared to be related to a decrease in plasma 
proteinase activity, it was of interest to determine whether opera- 


Taste III 


Plasma Proteinase Activity during Tumor Growth in Rats 
The values are given in terms of c.mm. of 0.05 n alkali. 



































P | E 
‘ Normal rats Fg yp —A a Tumor-resistant rats 
| 

f | 3 
0 {1.98} |1.981.92)2. 10|2.02|1 .98|1 .98'2.3212.202. 201. 86)1. 80/1. 98/1.‘ 90 
3 (2.1212. 06/1 .82/1.90/1.66 2.08 1 .64/1.96/1 .80 11.9411. 842. 28 1.92 
8 |1.80)1.982.082.04) —[1.90)1.52)1.64)1.521.42 11.84/1.72/2. 26/1.96 
ll jl. -98)1. .90,1.981. 661.74 1.34 1 62/1 .64/1.42)1 50/1, 80)2.04)1.96)1.72 
15 |1.961.96 1. 88 1. 94 1.70 1.56)1.66)1 1.52/1.42/1.48/1.98) | 11.76/1.84 
18 |1.98/2. 08/1. 9611. 98/1 .68/1.54)1.42)1.50/1.34)1.50) —/1.94'2.20, 2.08 
22 |1.94/1.96)1.94)1. 92 1.52 1.40/1.30)1.54/1.22)1 322.12 1.821.84)1.98)1.90 
28 |2.26|1.98/2. 38 1. 98/1 .40|1.42)1.37,1.40)1 52'1.50)2.24)1 .92)1 94/2. 22/2. 30 
31 /1.84) —2.38/2.30/1.58/1 .52)1 56/1 .64/1 50/1 60/232 2.08)1 .86)2. 302.38 
36 = 1 .66)1 .60/1 .38) 1 .56|1 .50)1.62/2.00}2.22)2. 26/2. 40/1 .98 
39 |1.98)1.80 2.022. 10 1.52)1.44)1.48/1.40/1.60/1 .54)1.90 2.02/2.32/2.10 
43 |2.28'2.002.1011.96| * | * /1.16| * |1.40/1.36/2.06| 11.82) 
7 |2.30'2.02/2.00)2.10 ° * /1.30) 1.96 1.92)1.84 

2.10) Ww . t. 98 ee 
542.02 2.12 | 1.96 -002.08 
58 |1.98)2.202.08)1.97) | | | (2.16/2.02)1.90, 2.12 








*The animal died. 


tive removal of the tumor would result in restoration of the nor- 
mal level. Rats were inoculated with Philadelphia No. 1 sar- 
coma, and estimations of the proteinase activity made during 
the first 40 days of growth. The tumors were then removed by 
operation, the enzyme estimations being continued. As shown 
in Fig. 1, the proteinase activity decreased steadily, as before, 
but was quickly restored to normal levels after tumor removal. 
Whether the decrease in proteinase activity is due to an increase 
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Fic. 1. The effect of successful tumor removal upon the plasma pro- 
teinase activity in the rat. 
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Fic. 2. Relation of plasma proteinase activity to pregnancy 
of inhibitor formation (10), or represents an actual decrease in 


enzyme concentration, as reported for humans by Herzfeld and 
Klinger (12) cannot at present be decided. 
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Relation of Plasma Proteinase Activity to Pregnancy—The 
question whether pregnancy would give a similar picture, with 
respect to plasma proteinase activity, as was found for tumor 
growth, was next studied. Blood samples from female rats were 
measured for proteinase activity, as previously described, be- 
ginning before mating and continuing after delivery of the litter. 
The start of pregnancy was calculated by subtracting 21 days 
from the delivery date. Normal female rats show values for 
plasma proteinase activity similar to those of normal males. As 
shown in Fig. 2, 4 or 5 days after pregnancy begins the value for 
proteinase activity drops and reaches a minimum shortly before 
delivery. Almost immediately afterwards the activity begins 
to increase again, and reaches a normal value in a few days. 
The similarity in the results obtained during tumor growth and 
in pregnancy indicates that the observed phenomena are in some 
way connected with rapid tissue growth. This relationship is 
emphasized by the rapid return to normal values of proteinase 
activity after elimination of the cause (tumor removal or ter- 
mination of pregnancy). 


SUMMARY 


1. Micromethods for the estimation of peptidase and proteinase 
activities in a few drops of blood are described. 

2. The aminopolypeptidase activity of rat plasma remains 
constant during the growth of transplantable rat tumors. The 
enzyme has an optimum at pH 7.5. 

3. Plasma and serum proteinases exhibit optimal activity at 
pH 7. Serum has a slightly higher activity than plasma prepared 
from the same blood. 

4. During tumor growth or pregnancy in rats, the plasma 
proteinase activity drops considerably. When the tumor is 
removed by operation, or after termination of pregnancy, the 
proteinase activity rapidly returns to the normal level. The 
similarity of these effects in tumor growth and pregnancy is 
emphasized. 

5. Normal and tumor-resistant rats show constant plasma 
proteinase and aminopolypeptidase activities over long periods 
of time. 

















254 Proteolytic Activity of Plasma 


oO w bo 


— 
SOHN 


BIBLIOGRAPHY 


. Linderstrém-Lang, K., and Holter, H., in Nord, F. F., and Weiden- 


hagen, R., Ergebnisse der Enzymforschung, Leipzig, 3, 309 (1934). 


. Grassmann, W., and Heyde, W., Z. physiol. Chem., 188, 69 (1929). 

. Mellvaine, T. C., J. Biol. Chem., 49, 183 (1921). 

. Weil, L., Biochem. J., 30, 5 (1936). 

. Linderstrém-Lang, K., Weil, L., and Holter, H., Z. physiol. Chem, 


233, 174 (1935). 


. Hedin, 8. G., Z. physiol. Chem., 104, 11 (1919). 


Okubo, K., Tohoku J. Exp. Med., 4, 103 (1924). 


. Utkin-Ljubowzow, L., Biochem. Z., 183, 103 (1927). 
. Abderhalden, E., Scientia, 61, 217 (1937). 

. Schmitz, A., Z. physiol. Chem., 260, 37 (1937). 

11. 
12. 


Kleinemann, H., and Scharr, G., Biochem. Z., 252, 145 (1932). 
Herzfeld, E., and Klinger, R., Deutsch. med. Woch., 44, 118 (1918). 


: 


TE 


By R 
(Fron 








THE FAT ACIDS IN THE LECITHIN AND GLYCERIDE 
FRACTIONS OF EGG YOLK 
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(From the Animal Nutrition Division, Bureau of Animal Industry, United 
States Department of Agriculture, Washington) 


(Received for publication, July 23, 1938) 


Approximately two-thirds of the dry matter of egg yolk con- 
sists of materials extractable with absolute alcohol. According 
to MacLean and MacLean (1), observations of nearly 100 
years ago showed the presence of phosphorus-containing fats 
in egg yolk. There followed several studies which gradually 
established the presence of a number of lipids each containing 
one or more fat acids. Chief interest has centered around egg 
yolk lecithins. Besides identifying stearic, palmitic, oleic, and 
linoleic acids, as reported by earlier workers (1), Levene and Rolf 
(2) found traces of an acid containing 20 carbon atoms and four 
double bonds which they identified as arachidonic acid. Hata- 
keyama (3), in 1930, reported margaric, arachidonic, and oleic 
acids, while Yokoyama (4), in 1935, reported isopalmitic, oleic, 
and clupanodonic acids. It is obvious, therefore, that even the 
more recent work has not entirely decided the fat acid composi- 
tion of egg yolk lecithin. 

References to the fat acid composition of the neutral egg yolk 
glycerides, freed of N- and P-containing substances, are extremely 
limited. However, Suzuki (5) found the egg yolk oil (presumably 
a mixture of glycerides and phospholipids) from Chinese hen’s 
eggs contained isopalmitic, palmitic, oleic, and small amounts of 
linoleic acids, whereas the oil from white Leghorn hen’s eggs con- 
tained, in addition, about 4 per cent of stearic acid and small 
amounts of arachidonic acid. 

The present investigation was undertaken for the purpose of 
obtaining more complete information than was available on the 
fat acid components in the egg yolk lipids obtained from hens 
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kept on a representative diet of known composition and high 
nutritive value. The lipids of the glyceride and lecithin fractions 
have been studied. The fractions, presumably of cephalin and 
spingomyelin, which were obtained in the course of purifying the 
two main fractions were not further analyzed for fat acid com- 
ponents because of the small yields. The fat acids of the glycer- 
ide and lecithin fractions were separated by fractional distillation 
of their methyl esters; the analysis of the distilled fractions formed 
the basis for the estimation of the component acids, subject in 
each case to confirmatory evidence of identity. 


EXPERIMENTAL 


Source of Sample—Approximately 300 eggs were obtained in 
February, 1936, from a group of yearling hens from a cross of 
Rhode Island Red males with barred Plymouth Rock females 
which had been fed for several months on a ration made up as 
follows: basal feed mixture 75.43 per cent (composed of ground 
yellow corn 52.63 per cent, red dog flour 25.79 per cent, rolled 
oats 15.79 per cent, and alfalfa leaf meal 5.79 per cent), meat 
and bone scrap 8 per cent, North Atlantic fish-meal 7 per cent, 
dried skim milk 5 per cent, mineral supplements 4.57 per cent, 
and cod liver oil 2 per cent. 

Preparation of Lecithin and Glycerides—4.5 kilos of fresh egg 
yolks were extracted with cold acetone and ether, and with warm 
alcohol. The lecithin was separated and purified by a combina- 
tion of the acetone precipitation and cadmium salt methods used 
by Levene and Rolf (6), Yokoyama (4), and others. The purified 
product (323 gm.) was found to contain 1.68 per cent nitrogen and 
3.91 per cent phosphorus. 

The remaining lipid material after removal of the bulk of the 
phospholipids was dissolved in absolute alcohol and the glycerides 
precipitated by storage at —15° to —10°. Most of the super- 
natant alcohol solution was siphoned off, after which the remain- 
der was filtered under suction. After this process had been re- 
peated five times, the precipitated glycerides gave negative tests 
for phosphorus and nitrogen. The final yield of purified glycer- 
ides was 558 gm. 

Distillation and Analysis of Methyl Esters of Fat Acids from 
Lecithin—191 gm. of fat acids were recovered from the saponifica- 
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tion of 300 gm. of lecithin. The saponification equivalent of 
these mixed acids was found to be 278.6; the iodine number 103.2. 
The methyl esters were prepared in the usual manner with methyl 
alcohol and dry HCl gas. The esters were then distilled through 
an electrically heated column (7) and a series of ten fractions 
collected. The analyses of the fractions are given in Table I. 


TABLE I 


Yields and Characteristics of Fractions Obtained from Distillation of Methyl 
Esters of Fat Acids from Lecithin 














Fraction No. Weight | B.p., 1.0-0.5 mm.| Mean mol. wt. | (wis) 
gm. | TC. 
1 3.60 125-130 268.1 11.31 
2 32.50 130 | 270.8 | 18.27 
3 15.10 130-132 | 280.1 35.78 
4 13.50 132-133 | 284.2 48.74 
5 17.95 133-135 | 288.2 61.90 
6 33.30 135-137 291.1 | 75.50 
7 25.60 137-140 296.7 90.40 
8 20.00 140-145 299.8 | 127.30 
9 18.05 145-155 | 320.4 | 357.00 
10 4.85* | Residue 





* The residue was deeply colored, indicating some effect of heating. 


Tass Il 
Lead Salt-Ether Separations of Composites A and B of Lecithin Fat Acids 














Solid acid fraction | Liquid acid fraction 
Composite ee = Se eS Se 3 Guiana 
Mean mol. wt. | Iodine No. | Mean mol. wt. | Iodine No. 
A 258.5 3.67 279.3 104.2 
B 261.1 5.05 283.8 104.6 














Fractions 1 and 2 were combined to form Composite A and 
Fractions 3, 4, 5, and 6 were combined to form Composite B. 
The two composites were subjected to lead salt-ether separation 
to obtain solid and liquid fractions. The analyses of these frac- 
tions from Composites A and B are given in Table II. 

Upon repeated recrystallization in acetone, Composite A 
yielded three crops of acids weighing 26.5 gm. The mean molec- 














258 Fat Acids in Egg Yolk 


ular weights of these fractions ranged from 255.1 to 255.8 and the 
melting points from 61.1-62.8°. These values indicated that 
normal palmitic acid predominated in Composite A. The solid 
acids of Composite B were converted to their methyl! esters and 
distilled into three fractions: (a) mean molecular weight 270.9, 
(b) mean molecular weight 274.7, and (c) mean molecular weight 
291.3. Crystallization of the acids obtained from fraction (a) 
yielded normal palmitic acid with a melting point of 62.5-62.8°; 
while fraction (c) yielded normal stearic acid with a melting point 
of 69.5-69.8°. The mother liquors from the crystallizations of 
palmitic acid from Composite A and fraction (a) of Composite 
B were combined and another lead salt-ether separation was made 
from which 4.2 gm. of solid acids were obtained. The melting 
point of these acids after several crystallizations was 56.5-57.0°, 
which is nearly that reported for isopalmitic acid (57.0-57.5°) by 
Yokoyama (4). The mean molecular weight, however, was found 
to be somewhat higher than theory (found 259.6, theory 256.3). 
The methyl esters were prepared and distilled through a modified 
Claisen flask and 2.6 gm. collected for the first fraction. The 
recrystallized fat acids obtained upon saponification melted at 
61-61.5°. This melting point did not change upon further crys- 
tallization, and a mixed melting point with a sample of purified 
normal palmitic acid was obtained at 61.5-62.0°. The material 
crystallized in short needles, whereas normal palmitic acid under 
the same conditions formed lustrous scale-like flakes. It is 
probable that the low melting point and variation in crystalline 
structure were due to traces of other acids. The material re- 
maining after distillation was recrystallized and the melting 
point and saponification value determined. Both determinations 
showed the material to be largely stearic acid. The evidence 
indicated that both normal palmitic and stearic acids were un- 
doubtedly present and that little or no isopalmitic acid was 
present. 

The bromination of liquid acids of Composites A and B and 
study of the resulting bromides showed the presence of the di- 
and tetrabromides of oleic and linoleic acids respectively. 

The fat acids from Fractions 7, 8, and 9 (Table I) were sep- 
arated by the lithium salt-acetone method. Fraction 7 yielded 
stearic, oleic, linoleic, and traces of a more highly unsaturated 











a ee a -e eee 











Riemenschneider, Ellis, and Titus 259 


acid; Fraction 8 yielded oleic, linoleic, and small amounts of 
clupanodonic acid which was identified by analysis of its bromi- 
nated derivative (70.4 per cent bromine; theory for decabromo- 
behenic acid, 70.8 per cent bromine). From Fraction 9 were 
obtained 14.2 gm. of acids whose lithium salts were soluble in 
acetone at 0-5°. The iodine number of these acids was 376.9 
(theory for clupanodonic acid 384.5). After hydrogenation with 
Pd-BaSQ, catalyst, the recrystallized saturated product melted 
at 81-81.5°. The saponification equivalent was found to be 
337.0. By direct titration in neutral alcohol, the mean molecular 
weight was found to be 339.6. (Theory for the molecular weight of 
behenic acid is 340.3.) 

The acids recovered from the residue (Fraction 10, Table I) 
were brominated. Insoluble bromides were obtained which were 
found to contain 71.3 per cent bromine. This fraction was con- 
sidered as clupanodonic acid in the calculation of the fat com- 
position. 

Fat Acids of Egg Yolk Glycerides—From 556 gm. of purified 
glycerides, 519.5 gm. of mixed acids were obtained with an iodine 
number of 73.5 and a mean molecular weight of 275.3. A lead 
salt-aleohol separation yielded 172.0 gm. of solid acids (mean 
molecular weight 263.5, iodine number 7.38) and 347.5 gm. of 
liquid acids (mean molecular weight 278.9, iodine number 105.4). 
The methyl esters of the solid and liquid acids were prepared, 
methyl alcohol and dry HCl gas being used, and appropriate 
amounts were fractionally distilled. The distillation data and 
analyses of the distilled fractions representing all the solid acids 
and approximately 154 gm. of the liquid acids are given in Tables 
IIT aid IV. 

The saturated acids from Fractions 1 to 7 of Table III were 
separated by repeated crystallization. From the melting points 
and molecular weights, normal palmitic and stearic acids were 
identified. Traces of an acid of lower molecular weight could not 
be positively identified, but for purposes of calculation it was 
considered as myristic acid. Hexadecenoic acid was isolated and 
identified (8) from Fractions 1 and 2 of the liquid acids given in 
Table IV. The unsaturated linkage in this specimen was found 
to be in the 9,10 position. (8). Fractions 4 to 9 proved to be 
methyl oleate and methyl linoleate. Redistillation of these 
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fractions produced no change in analyses and it was concluded 
from the constancy of the iodine numbers and mean molecular 
weights that the boiling points of these esters were too close to 
permit fractionation by distillation. Linoleic acid was identified 
by the characteristic tetrabromostearic acid, m. p. 113.5-114.0°. 

The acids of Fractions 10 and 11 (Table IV) were found to be a 
mixture of oleic and linoleic acids and a highly unsaturated acid 
whose bromide was found to contain 69.7 per cent bromine. The 
bromide blackened but did not melt or contract in a closed 
tube up to 270°. Because the bromine content was intermediate 
to that of arachidonic and clupanodonic acids, it was decided to 
distil the rest of the methyl esters of the total mixed unsaturated 


TaBLe III 


Yields and Characteristics of Fractions of Methyl Esters of Solid Fat Acids 
from Egg Yolk Glycerides, and Their Analyses 

















Fraction No. Weight B.p., 0.5-1.0 mm. | Mean mol. wt. | I No. 
gm. SC. | 
1 31.95 125-130 268 .6 0.30 
2 34.06 130 269.5 0.30 
3 48 .33 130 270.8 0.80 
4 8.34 130-140 279.5 3.10 
5 25.47 140 290.8 14.20 
6 28 .00 140-145 297.8 28 .30 
7 4.12 Residue 299.0 23.60 











acids in order to secure an additional concentrated fraction of the 
acid or acids in question. A fraction comparable to Fraction 11 
was obtained, which, combined with the remainder of Fraction 
11 (Table IV), was redistilled. About 3 gm. of methyl esters 
having an iodine number of 283.6 and a mean molecular weight 
of 326.3 were obtained. This fraction was hydrogenated with 
Pd-BaSO, as catalyst. The saturated esters were recrystallized 
several times from methyl alcohol and melted at 51.2-52.0°. 
The acids obtained from the hydrogenated ester, after six crys- 
tallizations from acetone, melted at 79.8-80.2°. A mixed melting 
point with the behenic acid fraction obtained from lecithin (m. p. 
81.0-81.5°) melted at 79.8-80.4°. The specimen from the glyc- 
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erides was apparently less pure than that from lecithin but can 
be considered as essentially the same; namely, the hydrogenated 


TaBLe IV 


Yield and Characteristics of Fractions of Methyl Esters of Liquid Fat Acids 
from Egg Yolk Glycerides 











Fraction No. Weight | B.p.,0.5-1.0mm.| Mean mol.wt. | —‘I. No. 
1 4.45 | 125-135 264.3 61.22 
2 13.08 | 135-137 277.7 | 67.40 
3 25.00 | 137-141 294.5 91.10 
4 25.70 141-143 295.9 98 20 
5 26.05 143 296.1 98.90 
6 24.10 143 296.3 98.40 
7 20.55 143 295.9 98.20 
8 3.81 143 296.4 98.30 
9 | 1.95 143 296.7 98.50 
10 1.32 143-145 299.0 111.10 
ul 4.79 145-158 320.6 223 40 
12 |}  2.98° Residue 














* The residue had a dark red color. 


TaBie V 
Component Fat Acids in Lecithins and Glycerides of Egg Yolk 





Lecithin fat acids | Glyceride fat acids 








| 














a! Per cent | Molecular | Percent | Molecular 

by weight | percent | by weight per cent 
Ee onan weg ieekeaws dak cue | 0.7 0.8 
hi cctacdgiveemancina ies 31.8 | 34.6 25.2 27.0 
ee cn cha a Duke en wenn an 4.1 | 4.0 | 7.5 7.3 
ER in sec sbceiecresecien 3.3 3.6 
SC tit aoc ehdeaecesVaweees 42.6 42.0 52.4 51.0 
BMAD, 55. di bisa nis ws oi dase sak deal ele 8.2 8.6 8.4 
Rs a sac kanganxeabers | 13.3 11.2 2.3 1.9 
en GteOe, .... cw ccocencacns 35.9 38.6 33.4 35.13 
rere | 64.1 61.4 66.6 | 64.87 














product of clupanodonic acid. The possibility of these fractions 
being mixtures of two or more of C20, C22, Ca, or Cos acids, how- 
ever, cannot be entirely eliminated. 
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Calculation of Fat Acid Composition—The percentage com- 
position and the molecular percentage composition of each acid 
in lecithin fat acids and glyceride fat acids have been computed, 
the results of which are given in Table V. 


DISCUSSION 


From a qualitative standpoint, the results agree in most re- 
spects with the findings of Levene and Rolf (2), with the excep- 
tion that in the present work the evidence was indicative of the 
presence of clupanodonic acid rather than of arachidonic acid. 
It is possible that this difference may be due to dietary differ- 
ences. Cruickshank (9) -has shown that the iodine numbers of 
the mixed acids of egg yolk can vary from 80.0 to 127.2, depend- 
ing on the nature of the dietary fat. The identification of clu- 
panodonic acid by Yokoyama (4) supports the present findings. 
The present data on the saturated acids of lecithin suggest that 
the reports of the occurrence of isopalmitic acid (4) and of mar- 
garic acid (3) may have been in error through mistake in identi- 
fication as a mixture of palmitic and stearic acids. 

It is of interest to note that hexadecenoic acid was found in ap- 
preciable amounts in the glyceride fraction but none was detected 
in the lecithin fraction. The body fat of the hen was found by 
Hilditch, Jones, and Rhead (10) to contain from 6 to 7 per cent 
palmitoleic acid. Thus there is apparently a distinction between 
lecithin and glycerides as regards the presence in appreciable 
amounts of at least one acid. The low yield of cephalin is in 
harmony with that reported by Nishimoto (11) and at variance 
with some of the older reports. 


SUMMARY 


Lecithin and glyceride fractions of high purity were prepared 
from egg yolk, in sufficient quantities to make a study of the fat 
acid composition. 

Palmitic and stearic acids were the only saturated acids identi- 
fied. Some evidence of small amounts of a lower saturated acid 
was found in the glyceride fraction. 

Oleic, linoleic, and clupanodonic acids were found in lecithins 
and glycerides, and in addition, 9,10-hexadecenoic acid was 
isolated from the latter. 
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The percentage composition of the individual acids reported 


represents a reasonable approximation of the fat acid composition 
of the glyceride and lecithin fractions of egg yolk lipids obtained 
from eggs produced on a representative egg-laying ration. 
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SOME CHARACTERISTICS OF THE ANDROGENIC 
FRACTIONS FROM BULL URINE* 


By LEWIS W. BUTZ anp 8S. R. HALL 


(From the Bureau of Animal Industry and the Bureau of Dairy Industry, 
United States Department of Agriculture, Beltsville, Maryland) 


(Received for publication, July 12, 1938) 


The presence of androgens in bull urine is now established (1, 2). 
The apparent daily excretion, as measured by the methods in use 
for the hydrolysis, extraction, and assay of human urines, is much 
smaller than that of men and women. Indeed some healthy 
mature bulls do not appear to excrete any androgen ((3) and our 
unpublished observations). It is possible then that bulls excrete 
very little androgen or that they excrete appreciable amounts of 
active substances which are less stable than androsterone and 
dehydroisoandrosterone! and consequently cannot withstand the 
vicissitudes of the hydrolysis and extraction. It is also conceiv- 
able that the androgens of bull urine are obtained in a form which 
is unsuitable for assay by the smear method. Admixed? or con- 
jugated* substances may partially inhibit the comb growth- 
promoting effect. The androgenic and other steroids of the urine 
of cattle are of particular interest because only from this species 
have androgens from the testes (5) and adrenal glands (6) been 
identified. 


* This research was supported by an appropriation from Bankhead- 
Jones funds (Bankhead-Jones Act of June 29, 1935). 

! Dehydroisoandrosterone gives an inactive chloroandrostenone with 
HCl, and this same chloro compound has been isolated from human urine 
after treatment with HCl (4). 

* The proportion of inactive substances in the neutral fraction of the 
benzene extract from bull urine is about 1000 times greater than that in 
some extracts we have made from the urine of men. 

* Some esters have a delayed or reduced action when applied to the comb 
directly. We have had to use the smear assay because the quantities of 
material available have been insufficient for assay by intramuscular in- 
jection. 
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In the present paper some experiments will be described which 
indicate that at least a part of the androgens of bull urine are 
different from those (7) which have been isolated from human 
urine. It is probable but not proved that this part consists of 
a,§8-unsaturated ketones. Since we shall not have, for some time 
to come, enough material for identification of the androgenic 
components, it seems best to report our preliminary firidings now. 

Only the neutral fraction of the benzene extract has been 
examined. All of the activity of this fraction is associated with 
the ketones and these are partially inactivated by heating with 
KOH in methanol. The ketones were fractionated by the pro- 
cedure of Anchel and Schoenheimer (8) by which these investiga- 
tors realized an excellent separation of cholestanone and choles- 
tenone. When applied to the ketones of our extract of urine, this 
method effected a separation into two fractions, approximately 
equal in weight. Most of the androgenic activity was associated 
with the “cholestenone” fraction. This fraction exhibited an ab- 
sorption spectrum‘ characteristic for a,8-unsaturated ketones 
(9). We studied also the behavior of testosterone acetate toward 
the Anchel and Schoenheimer reagents. Under the conditions 
used most of the ester was recovered in the “cholestenone” fraction, 
but some of the hydrazone was split by formaldehyde. 1 liter of 
bull urine yielded 6 mg. of cholestenone fraction. The assays 
indicate that this fraction cannot contain more than 0.01 per cent 
of androgen if the androgen has a potency of the order of that of 
androsterone and not more than 1.0 per cent of androgen if the 
androgen of this fraction is relatively weak such as the androsta- 
dienone isolated by Burrows et al. (10). 


EXPERIMENTAL 


The material used in this work was obtained from the urine of 
an 8 year-old Jersey bull. Collections were made during the 
period, June to October, 1937. The procedure for hydrolysis and 
extraction of the urine was that previously (2) employed. The 
urine was refluxed with the acid for 1 hour prior to extraction. 


4 We are indebted to Mr. N. R. Ellis and Dr. Russell E. Davis, Animal 
Nutrition Division, Bureau of Animal Industry, Beltsville, for these meas- 
urements. The cholestenone used for comparison was prepared by Dr. 
Eleanore W. J. Butz to whom we wish to express our thanks. 
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Benzene was not added during the refluxing.’ The neutral part 
of the benzene extract from 770 liters of urine weighed 106 gm. 
This neutral fraction had a potency, when assayed by direct 
application to the comb of capons, of 0.01 microgram per mg. 
(as androsterone). The ketones, separated from 17 gm. of this 
fraction by Girard and Sandulesco’s Reagent T (12), had a potency 
of 0.06 microgram per mg. Since the yield of ketones was 2.53 
gm., substantially all the activity was found in the ketone fraction. 
Removal of ketones was considered to be complete, as no semicar- 
bazone was isolated from the residue. 

Alkaline Hydrolysis of Neutral Fraction—22 gm. of the neutral 
fraction were refluxed for 2 hours with 45 ec. of 4 n KOH in 
methanol. Only 11.09 gm. of unsaponifiable material and 2.80 
gm. of acids were recovered. The large amount of material lost 
probably consisted of water-soluble and volatile substances, since 
no measures for the recovery of these were taken. 

From 9 gm. of this unsaponifiable material, 1.29 gm. of ketones 
were separated by Reagent T. This ketone fraction had a po- 
tency of 50 micrograms per gm. (as androsterone). 

The total androgen recoverable from the 22 gm. of neutral 
fraction after saponification is therefore equivalent to 79 micro- 
grams of androsterone. Assay of the whole neutral fraction 
showed a content of 220 micrograms in 22 gm. and the concentra- 
tion calculated from the assays of the “cholestanone” and “‘choles- 
tenone”’ fractions is 198 micrograms per 22 gm. During saponifica- 
tion, then, 60 to 64 per cent of the androgenic activity was de- 
stroyed. 

Reaction of Urine Ketones with p-Carboryphenylhydrazine—2.53 
gm. of ketones were refluxed for 4 hours in 40 cc. of 95 per cent 
ethanol containing 15 drops of acetic acid with 7 gm. of p-car- 
boxyphenylhydrazine. 4 gm. of dry hydrazones were obtained, 
corresponding to an average molecular weight of the ketones of 
312 if 80 per cent recovery of the hydrazones is assumed. The 
hydrazones were refluxed for 64 hours in 70 ec. of 95 per cent eth- 
anol with 8 cc. of 37 per cent aqueous formaldehyde. The weight 
of liberated ketones (“‘cholestanone” fraction) was 1.32 gm. The 


5 It has recently (11) been reported that in the case of human urine when 
benzene is present during the hydrolysis with acid the destruction of andro- 
gen is reduced. 
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undecomposed hydrazones were then refluxed for 4 hours in 60 
ec. of 95 per cent ethanol with 12 ce. of pyruvic acid; 1.06 gm. of 
“cholestenone” fraction were thus obtained. 

Reaction of Testosterone Acetate with p-Carboryphenylhydrazine 
—500 mg. of the ester were refluxed in 20 cc. of 95 per cent ethanol 
for 2 hours with 1 gm. of reagent. A 70 per cent yield of hydra- 
zone, m.p. 260° with decomposition, was obtained. No purifica- 
tion of this product other than drying over POs in vacuo was at- 
tempted. 430 mg. of the hydrazone were refluxed in 17 ec. of 95 
per cent ethanol containing 0.3 cc. of 37 per cent formaldehyde for 
6 hours. This treatment split a part of the hydrazone; 365 mg. 
of hydrazones were recovered from the K,CO; solution and 61 mg. 
of liberated ketone from the ether layer. About 20 per cent was 
split by formaldehyde. The undecomposed hydrazones in 20 
ec. of 95 per cent ethanol were refluxed for 4 hours with 2 cc. of 
pyruvic acid. This liberated 60 per cent more of the testosterone 
acetate. 16 per cent was recovered as p-carboxyphenylhydrazone 
which was not decomposed by the pyruvic acid. 

Bioassay Procedure and Data—White Leghorn capons, 8 months 
old or older, were used for the assays. The urine fractions were 
dissolved in tricaproin and 0.125 cc. of solution was smeared on 
the comb daily for 5 days. Androsterone in tricaproin was given 
to a control group of birds. A preliminary assay of “cholestenone” 
and “cholestanone” fractions, from another batch of ketones than 
that described above, at a 3 mg. daily dose gave a threshold 
response in the case of the “cholestenone”’ fraction and no growth 
with the “cholestanone” fraction. In the confirmatory experiment 
9 mg. of cholestenone fraction, 15 mg. of cholestanone fraction, 
and 30 mg. of the ketones, separated after saponification, were 
given during the same week. The growth responses (Table I) ob- 
served were equivalent to those following 1 microgram, less than 
0.5 microgram, and 1.5 micrograms of androsterone respectively. 

A number of whole neutral extracts prepared from the urines of 
various bulls have also been administered to capons by intramus- 
cular injection. 1 cc. of the tricaproin solution daily was given 
by this route. The ratio of potency by the smear technique to 
potency by intramuscular injection is of the order of 10. The 
ratio for androsterone as determined under our conditions is 200. 
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Although too few experiments have been carried out to permit 
attributing a high degree of accuracy to the former value, it can 
be stated that the composite androgens of the bull urine exhibit a 
much lower ratio than does androsterone. Voss (13) has deter- 
mined this ratio for a number of pure compounds. He found 
testosterone to have a ratio of between 5 and 10, which was lower 
than that of any of the compounds examined. Androsterone in 
his hands had a ratio of 35. 


Taste I 
Bioassay of Urine Fractions by Comb Growth 
The solution of the fractions was smeared on the comb daily for 5 days. 














=| Material | Sob Pes, 
| microwrams| aa. 
8 | Androsterone | 0.5 8.0 (4, 15) 
8 | a | 1.0 | 10.6 (8, 15) 
7 | ‘ 2.0 | 15.4 (10, 18) 
sS | 2 4.0 18.6 (10, 30) 
7 ss 0.5 7.0 (5, 13) 
7 " 2.0 11.8 (8, 16) 
10 _ 0.5 6.8 (2, 12) 
mg. per day 
4 Neutral extractt | 30.0 5.0 (3, 9) 
4 Anones (total) 15.0 | 4.0 (2, 5) 
7 Enones “ | 9.0 | 10.7 (9, 13) 
4 | Ketones (total), after saponification | 30.0 | 12.5 (11, 14) 
4 Acids (total) | 15.0 0.0 (0, 1) 





* The values given are averages. The minimum and maximum responses 
are shown in parentheses. 
t Given on 4 days only. 


DISCUSSION 


All of the evidence suggests that the androgens excreted in the 
urine by the bull are a,8-unsaturated ketones or substances with 
very similar properties. The instability toward alkali recalls the 
experience of others with extracts of bull testicle (14) and with 
pure testosterone (5), and emphasizes again the inadvisability 
of employing alkaline hydrolysis during the isolation of natural 
androgens. 
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It would be desirable to know how all the androgenic chemical 
types behave when their p-carboxyphenylhydrazones are succes- 
sively treated with formaldehyde and pyruvic acid. On the basis 
of the behavior we have observed for testosterone acetate, it seems 
possible that the small activity of the “cholestanone”’ fraction 
could be due to contamination with a,8-enones. Unfortunately 
the spectrographic evidence does not facilitate a decision of this 
point, for while the “‘cholestenone” fraction exhibited a strong 
band with a characteristic maximum at 2380 A., the “cholestanone” 
fraction showed continuous absorption throughout this region and 
into the shorter wave-lengths without a maximum. 

The probable occurrence of androgens with olefin linkages ad- 
jacent to other functional groups in the urine of bulls makes it 
imperative to develop milder methods of hydrolysis and extrac- 
tion. It is possible that with the help of such methods higher 
levels of androgen excretion will be found not only for the bull 
but for other species as well. Also the isolation of new excretion 
products can be expected. 


We wish to acknowledge the assistance of Dr. M. Rosenfeld in 
the preparation of the urine extracts and of Mr. John D. Hunt and 
Mr. Leslie P. Dryden in the bioassays. 
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It was shown some time ago that pyrrole could act catalytically 
on the oxidation of lactic acid by rat liver (1). The effect was 
small and did not occur if unwashed tissue was used or if the tissue 
was washed completely free of hemoglobin. These facts suggested 
that pyrrole replaced a catalytic system removed by the washing 
but that hemoglobin was necessary for the reaction to occur. We 
have reinvestigated the effect of pyrrole and have been able to 
confirm our previous findings and to extend them to show that 
both pyrrole alone and pyrrole with hemoglobin act as powerful 
catalysts for the oxidation of amines and certain non-natural am- 
ino acids, and that pyrrole catalyzes the formation of methemo- 
globin from hemoglobin by tissues. 


EXPERIMENTAL 


Effect of Pyrrole on Oxidation of Amines—Because we were 
studying the acceleration of the oxidation of amines, we chose rat 
liver as the source of the amine oxidase, for this oxidizes amines 
more slowly than the guinea pig or rabbit liver. Approximately 
4 gm. of rat liver were chopped with scissors, ground in a mortar 
with sand and 10 cc. of 0.05 m phosphate buffer of pH 6.7, and 
squeezed through muslin. 0.5 cc. of the resulting suspension was 
put in a Warburg vessel and the volume made up to 2.0 cc. with 
substrate and buffer. Various amines were added with and with- 
out 1.0 mg. of pyrrole, which had been freshly distilled. The 
final pyrrole concentration was M/134. The results are shown in 
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Table I. The greatest acceleration was with 6-phenylethylamine 
as substrate, though all the other amines showed some effect 
except mescaline. This confirms our previous finding that the 
oxidation of mescaline proceeds by a somewhat different mecha- 
nism from the oxidation of the other amines (2). Isoamylamine is 
oxidized more rapidly and to a greater extent by the enzyme alone 
than the other amines and the percentage acceleration by pyrrole 
is less. This is important because the extra oxygen uptake in the 
presence of pyrrole might be caused by its secondary oxidation by 
the H,O, which is a by-product of the amine oxidation (3). If 


Taste I 


Effect of 1.0 Mg. of Pyrrole on Oxygen Uptake of 1.0 Mg. Each of Various 
Amines with Untreated Rat Liver Suspension, pH 6.7 at 37° 


The values are given in c.mm. 









































B-Phenyl- B-Oxy-B- Isoamyl- | ' 
ethylamine |phenyiathy| amie | tyramine | Meggiine 
Time chloride chloride chloride 
Alone - Alone, = Alone 4 Alone Log Alone | ag 
hres. min. 
15 14 36 8 7 | 26 16 13 | 17 7 2 
25 15 | 104 13 20 | 44 58 10 | 55 9 3 
50 17 | 196 14 48 | 57 | 127 11 | 88 2 4 
1 5 19 | 235 15 72 | 67 | 151 9} 90 2; 15 
1 55 15 | 305 | 16 | 112| 79 | 199 2) 82 6 | 16 
2 25 23 | 329] 18 | 125| 79 | 198} —8| 61 —2)| 23 
2 55 24 | 331 17 | 1386) 74 | 196 |—20/ 50 —5 | 25 
3 20 25 | 329) 17 | 141 


























this were so, a greater percentage acceleration of the oxygen 
uptake would be expected when isoamylamine was being oxidized. 
Since this is not the. case, it indicates that pyrrole is acting as a 
catalyst and that the extra oxygen uptake in its presence is not 
accounted for by its own oxidation. The pyrrole and amine con- 
centration curves described below confirm this, as does the fact 
that the pyrrole effect is less in guinea pig and rabbit liver where 
the oxidation of the amine itself and consequently the production 
of H,O, proceeds to a greater extent. 

Preparation of Enzyme—lIt was necessary to determine whether 
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hemoglobin or methemoglobin played any part in the reaction. 
For this purpose a standard preparation was used with 8-phenyl- 
ethylamine. The liver suspension was diluted with water to 50 
ec. and centrifuged. The liquid was removed and the precipitate 
resuspended in water to which 5 to 10 cc. of buffer of pH 6.7 were 
added. This process’was repeated four times and the precipitate 
finally suspended in 10 ec. of buffer. The liquid from the fourth 
washing contained from 1 to 2 X 10-*m hemoglobin; so in order to 
see whether the pyrrole effect was dependent on the presence of 
hemoglobin a preparation was washed six more times, making a 
total of ten washings. After the sixth no more hemoglobin could 
be detected in the washings by the spectrophotometric method 
used, of which the limit with 6.0 cm. was 5 X 10°’ mM. When 
pyrrole was added to liver washed either four or ten times, the 
acceleration was still marked but the uptake stopped when 2 
atoms of oxygen had been taken up. This indicated that pyrrole 
could act catalytically in the absence of hemoglobin. But when 
hemoglobin or methemoglobin was added in a concentration of 
2 X 10-° a, the oxygen uptake proceeded more rapidly and went 
on until 4 atoms of oxygen had been taken up (Fig. 1, A and B). 
Because hemoglobin was always rapidly converted to methemo- 
globin, the latter was used in these experiments. Washed human 
cells were laked with toluene, centrifuged, ferricyanide was added, 
and the mixture was dialyzed for 24 hours against running water. 
The methemoglobin was then diluted so that the final concentra- 
tion in the Warburg vessel was 1 to 3 XK 10-° mM, which was the 
optimum for the acceleration. Dog methemoglobin twice re- 
crystallized behaved exactly like the human pigment. Methemo- 
globin without pyrrole accelerated the oxidation only very slightly. 
It was shown that the oxidation of the various amines was ac- 
celerated in the same relative way by the standard preparation 
with pyrrole and methemoglobin as by the crude liver prepara- 
tion. 

Effect of Amine and Pyrrole Concentration—Fig. 1, A and B, 
shows the action of pyrrole and pyrrole + methemoglobin on the 
oxidation of different concentrations of 8-phenylethylamine. The 
extra oxygen uptake in both cases was a function of the concentra- 
tion of amine, indicating that pyrrole is acting as a catalyst. This 
is also indicated by Fig. 2 which shows that with widely different 
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concentrations of pyrrole the final uptake was not a function of 
the amount of pyrrole present. Although relatively large concen- 
trations of pyrrole are necessary to obtain the acceleration, the 
evidence indicates that it is acting as a catalyst and not as a sub- 
strate in the reaction. 
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Fie. 1, A Fic. 1, B 

Fic. 1. The oxygen uptake of different amounts of 8-phenylethylamine 
hydrochloride in the presence of the standard liver preparation plus 1.0 
mg. of pyrrole (A), or plus 1.0 mg. of pyrrole with 2 X 10-' m methemo- 
globin (B). The control in A represents the oxidation of 0.5 mg. of 8- 
phenylethylamine hydrochloride by the preparation alone. pH 6.7 at 37°. 
In A the horizontal lines represent the theoretical uptake for 2 atoms per 
molecule; in B for 4 atoms per molecule of 8-phenylethylamine hydro- 
chloride. 


That pyrrole is present at the end of the reaction is shown by the 
following test. The 2.0 cc. of reaction mixture were removed from 
the Warburg vessel and the protein precipitated by 2.0 cc. of 5 
per cent trichloroacetic acid. The clear filtrate was warmed to 
boiling and 1 drop of Millon’s reagent was carefully added without 
mixing. A copious precipitate formed at the bottom and an 
orange color formed in the clear solution above. This color 
rapidly changes on standing to red and then purple and it is pro- 
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portional to the concentration of pyrrole in a range of 0.25 to 
4.0 mg. Comparative tests showed that the same amount of 
pyrrole was present in the control as in the vessels in which the 
pyrrole and pyrrole + methemoglobin accelerations had occurred. 
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Fic. 2 Fic. 3 

Fic. 2. The effect of different amounts of pyrrole on the oxygen uptake 
of 1.0 mg. of 8-phenylethylamine hydrochloride with the standard liver 
preparation. pH 6.7 at 37°. Similar curves are obtained when met- 
hemoglobin is added to the pyrrole. The horizontal line represents the 
theoretical uptake for 2 atoms per molecule of 8-phenylethylamine hydro- 
chloride. 

Fic. 3. The oxygen uptake of 1.0 mg. of 8-phenylethylamine hydrochlo- 
ride in the presence of the standard liver preparation and 1.0 mg. of pyrrole. 
2 X 10-* m methemoglobin was added at the arrow. pH 6.7 at 37°. 




















The color is not given by pyridine or proline. Details of the test 
will be described elsewhere. 

Properties of Pyrrole and Pyrrole Plus Methemoglobin Accelera- 
tions—Fig. 3 shows the effect of methemoglobin added after the 
acceleration by the pyrrole alone was finished. This experiment 
showed that the methemoglobin acceleration is not dependent on 
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the simultaneous acceleration by the pyrrole and therefore the 
effect of the methemoglobin is not caused by a coupled oxidation. 
If the mixture was boiled for 3 minutes after the pyrrole effect was 
finished and before the methemoglobin was added, then the 
methemoglobin did not cause any further oxidation. This 
showed that the oxidation is dependent on a thermolabile catalyst 
in the liver preparation and that the methemoglobin cannot cat- 
alyze the reaction alone. During the oxidation of the amine by 
the pyrrole + methemoglobin enzyme mixture, a small amount of 
the methemoglobin disappeared. In a typical experiment the 
methemoglobin concentration was 2.0 X 10° m in the control and 
1.3 X 10-* om after the oxidation. 

The tissue showed no increase in activity after incubation at 
room temperature with pyrrole and subsequent washing. If a 
protein-pyrrole complex is formed, it must readily dissociate. 

Effect of Inhibitors—0.002 m KCN and 0.5 per cent potassium 
pyrophosphate inhibited completely the acceleration by pyrrole 
and by pyrrole + methemoglobin, although the slow oxidation of 
the amine by the enzyme alone was unaffected by either drug. 
2 per cent sodium fluoride had no effect on the pyrrole acceleration 
but inhibited 40 to 60 per cent of the pyrrole + methemoglobin 
effect. This is probably due to the formation of fluorine-met- 
hemoglobin. This is further evidence that the pyrrole effect is not 
caused by traces of hemoglobin remaining in the liver prepara- 
tion and that it is therefore distinct from the pyrrole + methemo- 
globin effect. 1 per cent urethane had no effect on either system. 
Both accelerations were slightly less at pH 7.8 than at pH 6.7. 

Effect of Oxygen Tension—Kohn (4) has shown that the rate of 
oxidation of the amines can be increased by increasing the oxygen 
tension. It was of interest therefore to test the effect of increased 
oxygen tension on the pyrrole acceleration. The results are shown 
in Table II. The pyrrole, methemoglobin, and the pyrrole + 
methemoglobin accelerations were increased by the increased oxy- 
gen tension. 

Specificity of Pyrrole Effect—-N-Methyl pyrrole and N-ethyl 
pyrrole accelerated the amine oxidation, but less than pyrrole 
itself. No C-substituted pyrroles have yet been tried. Pyrrole 
which had been reduced to a mixture of pyrroline and pyrrolidine 
by platinum and hydrogen (the reduction being checked by the 
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increased alkalinity of the solution) behaved like pyrrole. Pyr- 
idine was without effect in a large concentration range. Methyl- 
ene blue cannot be substituted for methemoglobin. 

Pyrrole or pyrrole + methemoglobin has no effect on the oxida- 
tion of acetate, glucose, pyruvate, succinate, choline, histamine, 
or the natural isomers of the amino acids. The oxidation of 
ethyl alcohol was inhibited 40 per cent. In the standard prepara- 
tion there was no effect on the oxidation of xanthine and hypoxan- 
thine, though in the unwashed liver suspension a slight accelera- 
tion was sometimes seen. The accelerating effect on lactate has 


TaBie Il 
Effect of Orygen Tension on Oxidation of 1.0 Mg. of 8-Phenylethylamine Alone 
and with 1.0 Mg. of Pyrrole, 2 X 10-* m Methemoglobin, and the Two 
Together, pH 6.7 at 37° 


The values are given in c.mm. 














Air 100 per cent oxygen 
Time | | tie | Pyrrole | athe. Fepets 
Alone mogiobin Pyrrole | enttie | Alone mogiobin Pyrrole metho 
moglobin | moglobin 
Ars. min. | 
15 s s 13 22 22 | 50 | 29 57 
35 12 20 45 79 41 | 77 | 8 | 158 
50 | 16 | 28 64 | 122 58 | 101 | 113 | 214 
1 15 | 18 33 | 80 | 158 77 128 | 135 | 253 
1 45 27 40 | 98 186 96 156 153 278 
2 10 31 47 | 103 206 119 177 162 288 











already been mentioned. The oxidation of the non-natural 
isomers of the amino acids is, however, definitely accelerated by 
pyrrole and by pyrrole + methemoglobin. This is particularly 
true for alanine. 

Effect of Pyrrole on Oxidation of Non-Natural Isomers of Amino 
Acids—The non-natural isomer of alanine was oxidized very slowly 
by the standard liver preparation but more rapidly by rat kidney 
prepared in the same way as the liver. In both cases pyrrole and 
pyrrole + methemoglobin caused a marked acceleration. In order 
to compare the effect on the alanine with that on the non-natural 
isomers of other amino acids the rat kidney preparation was used. 
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Table III shows the accelerating effect of the pyrrole and pyrrole 
+ methemoglobin on the oxidation of several amino acids. The 
methemoglobin alone had no effect. The accelerating effect was 
most marked for alanine and, as in the case of 6-phenylethylamine, 
the oxygen uptake is a function of the alanine concentration. The 
end-points, however, do not correspond to the uptake of any 
definite number of atoms of oxygen per molecule. In the presence 
of pyrrole the uptake usually stopped when between 1 and 2 atoms 
of oxygen had been utilized and with pyrrole + methemoglobin 


Tasie III 
Oxygen Uptake of Non-Natural Isomers of Certain Amino Acids (1.0 Mg. 
Each) with Washed Rat Kidney Preparation 
The effect of 1.0 mg. of pyrrole and 1.0 mg. of pyrrole + 2 X 10° u 
methemoglobin, pH 6.7 at 37°. For each amino acid, Column | represents 
enzyme alone; Column 2, enzyme + pyrrole; Column 3, enzyme + pyrrole 
+ methemoglobin. The figures are c.mm. of oxygen. 
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it stopped between 3 and 4 atoms. The pyrrole concentration 
curve is similar to that for 8-phenylethylamine. Increased oxygen 
tension did not increase the acceleration, showing that this is not a 
property of the pyrrole system but is specific for the amine oxidase. 
KCN and pyrophosphate inhibited the acceleration but did not 
affect the oxidation of alanine by the enzyme alone. 

Formation of Methemoglobin by Pyrrole—If pyrrole and hemo- 
globin were added to an unwashed tissue suspension made by 
grinding the tissue with sand and squeezing through muslin, the 
rate of methemoglobin formation was greatly accelerated. Pyr- 
idine or nicotinic acid had no such effect. For every 100 c. mm. 
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of oxygen uptake the kidney produced most extra methemoglobin, 
the liver next, and the brain produced no extra in the presence of 
pyrrole. Pyrrole shaken with hemoglobin alone under the same 
conditions does not form methemoglobin. It has been shown by 
Bernheim and Michel (5) that for every 100 c. mm. of oxygen up- 
take the kidney produces most methemoglobin, the liver next, and 
then the brain. The extra methemoglobin formation by pyrrole 
follows this order and this indicates that pyrrole is catalyzing sys- 
tems already active in the tissues, for the methemoglobin produc- 
tion by tissues is a function of the oxygen uptake of the tissue and 
can be increased by the addition of substrates which form hydrogen 
peroxide, such as the amines and the non-natural isomers of the 
amino acids. The extra methemoglobin formation by the pyrrole 
could be explained on the basis of its accelerating action on the 
oxidation of amines and other substances that may be present in 
the tissue suspension. That tissue oxidation is accelerated by 
pyrrole is indicated by the fact that the oxygen uptake of the liver 
and kidney suspensions is increased by pyrrole. In the standard 
washed preparation of liver or kidney methemoglobin is rapidly 
formed from hemoglobin when an amine or an amino acid is being 
oxidized but is not formed in their absence, because the preparation 
itself takes up no oxygen. 

Fig. 4 shows that the amount of extra methemoglobin formation 
is a function of the amount of liver present. The liver was in 
0.05 m phosphate buffer of pH 6.7. The extra methemoglobin 
formation is proportional to the amount of pyrrole present in con- 
centration ranges from 0.05 to 0.5 mg. of pyrrole. It increases 
with time and the rate of production parallels, except at the very 
beginning, the rate of oxygen uptake by the tissue (Fig. 5). This 
indicates the pyrrole effect is dependent on the presence of oxidiz- 
able substrates. Cyanide inhibits the extra methemoglobin pro- 
duction with pyrrole. 

Products of Reaction. B-Phenylethylamine—When the amine 
was oxidized in the presence of pyrrole, exactly 2 atoms of oxygen 
were taken up, suggesting that phenylacetic acid was formed. 
The addition of methemoglobin caused another 2 atoms to be taken 
up, indicating that in its presence the acid was oxidized further. 
Addition of phenylacetic acid showed that it was not attacked by 
the enzyme + pyrrole + methemoglobin system. It was pos- 
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sible that the simultaneous oxidation of the amine was necessary 
for the oxidation of the acid but this was not the case. Attempts 
were made to isolate phenylacetic acid in a large scale experiment 
in which 150 mg. of the amine were oxidized in the presence of 
pyrrole. A yellow oil was obtained which gave an acid reaction 
but did not crystallize. Control experiments showed that added 
phenylacetic acid could be recovered almost quantitatively under 
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Fic. 4. The effect of liver concentration on the extra methemoglobin 
produced from hemoglobin by 0.3 mg. of pyrrole, pH 6.7 at 37°. 

Fic. 5. Curve A, the oxygen uptake of liver suspension corrected for 
methemoglobin formation; Curve B, the simultaneous production of 
methemoglobin by 0.2 mg. of pyrrole. pH 6.7 at 37°. 


the same conditions and that no impurity in the preparation 
interfered with the crystallization. An oil with a deep brown color 
was obtained when the amine was oxidized in the presence of pyr- 
role and methemoglobin. Neither oil gave positive tests with fer- 
ric chloride or Millon’s reagent. Ammonia was produced during 
the oxidation with pyrrole and pyrrole + methemoglobin. A 
small amount of decarboxylation occurred in both cases, but the 
amount of CO: produced would account for the decarboxylation of 
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less than 10 per cent of the substance present. No bisulfite-bind- 
ing substances were formed. 

Alanine—aAlanine was deaminated. As in the case of 8-phenyl- 
ethylamine, decarboxylation occurred to the extent of about 10 
per cent of the theoretical in the presence of pyrrole and pyrrole 
+ methemoglobin. The production of pyruvic acid was estimated 
by the method of Clift and Cook (6). After the oxidation of the 
alanine by the enzyme alone 56 per cent of the theoretical was re- 
covered; in the presence of pyrrole, 26 per cent; in the presence of 
pyrrole and methemoglobin, 14 per cent. Controls with pyruvic 
acid gave the following results. Pyruvate shaken alone at pH 
6.7 gave a 92 per cent recovery, with methemoglobin 83 per cent, 
with pyrrole 96 per cent, with kidney 49 per cent, with kidney and 
methemoglobin 29 per cent, with kidney and pyrrole 47 per cent, 
with kidney, methemoglobin, and pyrrole 27 per cent. As in the 
ease of the 8-phenylethylamine, the end-products were not what 
might be theoretically expected from the oxygen uptake, but the 
fact that decarboxylation occurred in both cases indicates that 
other reactions are taking place. 


DISCUSSION 


Because pyrrole accelerates the oxygen uptake in the presence 
of substrates which produce hydrogen peroxide, there was the 
possibility that the extra oxygen uptake could be accounted for by 
the secondary oxidation of pyrrole by the hydrogen peroxide 
formed by the primary oxidation of the amine or non-natural 
isomers of the amino acids. This, however, cannot be the case 
because (a) the more actively the amine is oxidized by the enzyme 
alone the smaller is the percentage acceleration by the pyrrole; 
(b) the extra oxygen uptake caused by the pyrrole is a function 
only of the amine or amino acid concentration and not of the pyr- 
role concentration within limits; and (c) the effect is very specific, 
for N-methyl and N-ethyl pyrrole are much less effective and 
pyridine and proline have no accelerating action. 

It appears that pyrrole forms with the protein a catalytically 
active system for the oxidation of amines and non-natural isomers 
of the amino acids and that this system may react with methemo- 
globin so that the oxidation may be carried further. 
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SUMMARY 


1. Pyrrole in concentrations varying from m/1340 to m/134 
accelerates the oxidation of amines by washed rat liver prepara- 
tion, particularly 8-phenylethylamine which takes up 2 atoms of 
oxygen per molecule in the presence of pyrrole. 

2. The addition of 2 X 10-* m methemoglobin further increases 
the acceleration and 4 atoms of oxygen are taken up per molecule 
of 8-phenylethylamine. Methemoglobin alone has only a very 
slight effect. 

3. In guinea pig and rabbit livers, which oxidize the amines 
more rapidly, pyrrole and pyrrole + methemoglobin have corre- 
spondingly less effect. 

4. KCN and pyrophosphate completely inhibit both the pyr- 
role and the pyrrole + methemoglobin acceleration. Fluoride 
has no effect on the pyrrole but inhibits 40 to 60 per cent of the 
pyrrole + methemoglobin acceleration. 

5. Increased oxygen tension increases the accelerating effect 
of pyrrole, methemoglobin, and pyrrole + methemoglobin as well 
as increases the oxidation of the amines by the enzyme alone. 

6. The oxidation of certain non-natural isomers of the amino 
acids, particularly alanine by washed rat kidney preparation, is 
similarly accelerated by pyrrole and pyrrole + methemoglobin. 
No definite number of atoms of oxygen is taken up per molecule 
of alanine oxidized. Increased oxygen tension has no effect. 

7. N-Methyl and N-ethyl pyrrole have an effect similar to pyr- 
role but they are less active. Pyridine is inactive. 

8. Except for a slight acceleration of the oxidation of lactate and 
a slight effect on the oxidation of hypoxanthine, pyrrole and pyr- 
role + methemoglobin do not accelerate the oxidation of any of 
the other substrates tried. 

9. The formation of methemoglobin by kidney and liver sus- 
pensions is greatly increased by pyrrole. Kidney shows a greater 
effect than liver but brain shows no extra methemoglobin forma- 
tion. The extra methemoglobin formed is proportional to the 
concentration of the tissue suspensions, varies within limits with 
the pyrrole concentration, and parallels the oxygen uptake of the 
tissue. 
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Fayetteville) 


(Received for publication, July 25, 1938) 


Peters and his associates (1) demonstrated that there is a re- 
duced oxygen consumption of the brain of polyneuritic pigeons. 
Addition of minute amounts of crystalline vitamin B, in vitro 
to the avitaminous brain tissue restores the diminished tissue 
respiration. O’Brien and Peters (2) observed that the brains of 
vitamin B,-deficient rats and pigeons alike produced pyruvate 
in vitro and that the presence of added vitamin B,; removed the 
pyruvate. The conclusion drawn was that vitamin B, acts as a 
catalyst and is used by the tissue at some stage in the combustion 
of carbohydrates. 

Lactic acid oxidation by normal and polyneuritic chick tissue 
was investigated by Sherman and Elvehjem (3) by means of 
oxygen uptake studies, determinations of lactic acid removal, 
and estimations of methylene blue reduction time. No signifi- 
cant disturbances in lactate oxidation were observed in brain 
tissue, but in the avitaminous heart a decreased rate of oxygen 
uptake during lactic acid removal was found. Lactate oxidation 
was not affected in avitaminous brain by the addition of vitamin 
B,, but in the avitaminous heart similar addition produced in- 
creased oxygen uptake. Addition of pyruvate inhibited lactic 
acid dehydrogenase activity to a greater extent in avitaminous 
heart and kidney than in normal tissues. 

Lipschitz, Potter, and Elvehjem (4) reported that the ability 


* Research paper No. 454, Journal series, University of Arkansas. 

A preliminary report of this paper was presented before the American 
Society of Biological Chemists at Baltimore, March 30 to April 2, 1938 
(Proc. Am. Soc. Biol. Chem., J. Biol. Chem., 123, p. exx (1938)). 
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of the kidney, liver, and brain of chicks to utilize pyruvate as a 
substrate was impaired in polyneuritis, the derangement being 
greatest in the case of brain. The liver and kidney from fasted 
birds showed a decreased ability to remove added pyruvate. 
The brain did not show this fasting effect. Pyruvate removal 
by the liver and kidney of fasting birds approximated that found 
in polyneuritis. The oral administration of glucose to fasting 
birds resulted in the restoration of the ability of the liver to re- 
move pyruvate. Similar feeding of glucose to polyneuritic birds 
resulted in deposition of glycogen in the liver and increased the 
ability to remove pyruvate, though normal values were not ob- 
tained. From these results it was concluded that inanition was 
not the sole cause of the deranged pyruvate metabolism, though 
it was certainly a complicating factor. 


EXPERIMENTAL 


From a review of the literature it is apparent that most of the 
work on tissue respiration in vitamin B, deficiency has been done 
with the pigeon and chick. The only data obtained from the 
rat concern the difference in oxygen uptake found in brains of 
normal and polyneuritic animals after addition of small amounts 
of crystalline vitamin B, in vitro. In the studies of oxidation- 
reduction efficiency during avitaminosis in our laboratory, we 
have, therefore, included observations of oxygen consumption 
in various tissues of the rat in vitamin A as well as vitamin B, 
deficiency. We used tissues of normal rats and those of avi- 
taminotic litter mates of the same sex that were daily restricted 
to the same plane of nutrition as the controls. The control ani- 
mals received in addition a daily supplement separately from the 
ration of 8 to 10 micrograms of crystalline vitamin B,;. The 
vitamin B,-deficient rations had the following composition: 
commercial casein, 16; McCollum’s Salt Mixture 185 (5), 4; 
Fleischmann’s yeast, autoclaved for 5 hours at 15 pounds pres- 
sure, 9; beef autoclaved for 6 hours at 15 pounds pressure, 6; 
unfiltered butter fat, 9; cod liver oil, 2; corn-starch, 54. This 
ration produced loss of weight and paralysis in 2 to 3 months with 
great regularity. For the production, however, of convulsions, 
we found the following modified ration much more dependable: 
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easein,' 16; MecCollum’s Salt Mixture 185, 4; Fleischmann’s 
yeast, autoclaved for 5 hours at 15 pounds pressure, 7; beef auto- 
claved for 6 hours at 20 pounds pressure, 8; filtered butter fat, 
9; corn-starch, 56. As a source of vitamins A and D, 4 to 6 drops 
of cod liver oil were administered daily separately from the ration. 

The vitamin A-deficient ration had the following composition: 
casein,” 16; Salt Mixture 185, 4; Northwestern (dehydrated bakers’) 
yeast, 10; dextrinized starch, 66. This ration was irradiated for 
30 minutes to furnish Vitamin D. The control animals received 
6 drops of cod liver oil or 3 drops of carotene in oil daily as a source 
of vitamin A. 

The technique employed for the respiration studies of the vari- 
ous tissues was essentially that of Peters and his associates (1) 
with the recent modifications of Sherman and Elvehjem (3). 
The rats were killed by decapitation. After the blood was al- 
lowed to drain, the tissues were removed quickly and weighed in 
tared, small blood specimen vials containing the buffered solution 
of Ringer’s phosphate and pyrophosphate adopted by Sherman 
and Elvehjem (3). The Barcroft differential respirometer was 
used for the oxygen uptake studies. The substrate was Merck’s 
sodium lactate adjusted to pH 7.3 and diluted to give 3 per cent 
lactic acid. 0.2 ml. aliquots were added to the right- and left- 
hand flasks, from which an equal amount of buffer was withheld, 
making 0.2 per cent lactic acid in the flasks. Rolls of filter 
paper soaked with 8 per cent NaOH were inserted in the absorp- 
tion tubes. The final volume in the Barcroft bottles was 3 ml. 
The brain was teased with a bone spatula, and the heart and 
kidney were minced with chromium-plated scissors. Oxygen 
was introduced from a tank into the Barcroft bottles at atmos- 
pheric pressure, since the introduction at reduced pressure pro- 
duced troublesome results with the manometric fluid when the 
stop-cocks were opened at the end of the respiration period. The 
fresh tissues, weighing about 100 mg., were transferred from 
specimen vials to the Barcroft bottles with a loop of platinum 
wire. The respiration studies were carried out at 37.5°. After 


1 Washed with acidulated water for 10 days and extracted several times 
with 25 per cent alcohol. 
? Extracted several times with hot 95 per cent alcohol. 
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attachment of the respiration bottles to the manometers, at least 
15 minutes were allowed to elapse to insure temperature equili- 
brium. The taps of the apparatus were closed after the zero 
reading had been noted, and successive readings were taken at 
30, 60, and 90 minute intervals. Each tissue was run in tripli- 
cate, and all results were averaged and expressed as oxygen up- 
take in microliters per mg. per hour. The variations among the 
triplicate determinations ranged between 2 to 10 per cent in the 
majority of experiments. In the few experiments, however, in 
which they were greater, the incidence of variation in the patho- 
logical animals was of the same degree as that observed in the 
controls. The apparatus was shaken uniformly at the rate of 
about 140 oscillations per minute. At the termination of the 
respiration, the tissues were dried at 103°, and all calculations 
were made on the dry basis. 


Results 


The results of this investigation are summarized in Tables I 
to III. 

Effect of Vitamin B, Deficiency upon Oxygen Uptake of Cerebrum, 
Heart, and Kidney. Cerebrum—Table I shows the results of 
sixteen experiments on the respiration of tissues of rats in various 
states of polyneuritis. It is apparent that neither the extent of 
loss of body weight nor the degree of polyneuritis bears any direct 
relationship to the per cent of change in oxygen uptake of avi- 
taminous tissue of the rat compared with that of control animals 
of the same litter and sex. For instance, in Experiment 3327 the 
pathological rat, which had no signs of polyneuritis, showed a 
38 per cent reduction in oxygen uptake, while in Experiment 
3598 the avitaminotic rat, which had marked paralysis and slight 
convulsions, showed practically no reduction in oxygen uptake. 
In Experiment 3531 the polyneuritic animal, which had marked 
paralysis and 39 per cent loss of body weight, had only a 12 per 
cent reduction in oxygen uptake compared with its control, while 
in Experiment 3433 the avitaminotic animal, which had slight 
paralysis and lost only 6 per cent of its body weight, showed 19 
per cent reduction in oxygen uptake. The average reduction in 
oxygen consumption of the vitamin B,-deficient animals com- 
pared with normal controls was 16 per cent. 
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Tasie | 
Effect of Vitamin B, Deficiency upon Respiration of Rat Cerebrum in Vitro 
Oxygen uptake expressed as microliters per mg. per hour. 
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Experi- | Condition of 
ment | animaland | Yetght | ‘uptake 
po a 
3433 P-L ¢# 6 2.55 
Ca 3.13 
3634 P-R 8 3.41 
C-Dd 4.12 
3402 P-R 9 —15 2.54 
C-D 9 3.50 
3549 P-R 9 19 2.37 
C-D 9 3.09 
3578 P-DL # 21 3.78 
C-DR¢# 4.05 
3693 P¢ 23 2.30 
CR? 2.94 
3554 P¢ 24 3.26 
C-L¢@ 3.54 
3435 P 9 25 3.88 
C-L 92 3.82 
3550 P-R 25 3.43 
C-D # 4.21 
3327 P 9 25 3.32 
C-L 9 4.13 
3598 P 9 25 3.03 
C-L 9 3.06 
3608 P-DL 9 25 3.04 
C-DR 9 4.02 
3581 P-DL 9 31 3.01 
C-DR 9 3.31 
3580 P¢ 34 2.25 
C-L @ 2.66 











| Change in 


—10 


—12 





Degree of polyneuritis 








Slight paralysis 


Moderate paralysis; 
opisthotonos 


No signs of poly- 
neuritis 


Marked paralysis 


Moderate paralysis; 
staggering 


Marked paralysis 


Marked paralysis and 
convulsions 


Marked paralysis 


Marked paralysis and 
convulsions 


No signs of poly- 


neuritis 


Marked paralysis and 
slight convulsions 


Marked paralysis and 
slight convulsions 


Slight paralysis 


Marked paralysis; 
opisthotonos 
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Tasie I—Concluded 





Experi- | Condition of tL oonel Oxyeen Change in | 























meat ontael sae weight uptake oxyene Degree of polyneuritis 
per cent per cent 
3531 P-L 9 39 2.23 —12 | Marked paralysis 
Ce 2.49 
3513 P-Di ¢ 41 2.81 —21 Slight paralysis 
C-DR 9? 3.58 
Average, 16 groups.................... —16 








*P = pathological; C = control; L = left slit; R = right slit; DL = 
double left slit; D = double slit; DR = double right slit. 


Heart and Kidney—Fourteen groups of animals were used for 
the heart and nineteen groups for the kidney respiration studies. 
The average reduction in the oxygen uptake of the avitaminous 
tissues was 17 and 19 per cent, respectively, compared with nor- 
mal controls. Here again there was no correlation in the poly- 
neuritic state, the extent of loss of weight, and the degree of 
oxygen uptake. Detailed data are presented in Tables II and 
III. 

Oxygen Uptake of Kidney and Heart in Deficiency of Vitamin B 
Complex—In addition to the studies made during vitamin B, 
deficiency, twenty-one respiration experiments were carried out 
with kidney and nine with heart from animals that were on diets 
deficient in all the components of the vitamin B complex. In 
order to conserve space, tabular data are omitted. The avi- 
taminous kidneys showed an average reduction of 15 per cent in 
oxygen uptake and the avitaminous heart 18 per cent, compared 
with tissues from normal control animals. Extent of loss of 
weight was not a factor influencing reduction of oxygen uptake. 

Influence of Vitamin A Deficiency upon Oxygen Uptake of 
Cerebrum and Heart—Respiration experiments were also carried 
out during vitamin A deficiency, thirteen groups of animals having 
been used for oxygen uptake of cerebrum tissue and seven groups 
for heart tissue. To conserve space, detailed tabular data are 
omitted. We have observed cases of pathological animals with 
advanced ophthalmia that showed normal respiration of cerebrum 
compared with tissue of control animals. On the other hand, 
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Tasre Il 
Effect of Vitamin B, Deficiency upon Respiration of Rat Heart in Vitro 
Oxygen uptake expressed as microliters per mg. per hour. 
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‘met ‘caiman = | SS vonyeen Degree of polyneuritis 
per cent | per cent 
3407 P-R 9 1.51 —8 Marked paralysis and 
slight convulsions 
C-D¢ 1.70 
3465 P-R 9 16 1.20 —l1 Moderate paralysis 
C-D 9 1.35 
3420 P-DL ¢@ 18 1.54 +5 Marked paralysis; 
staggering 
C-DR 1.47 
3412 | P@ 22 | «1.69 —15 | Marked paralysis and 
slight convulsions 
C-L 9 2.00 
3659 P-DL @ 23 2.31 —16 Marked paralysis and 
convulsions 
C-D¢ 1.98 
3515 P-Ro 23 0.82 —40 Marked paralysis and 
staggering 
CD¢ 1.37 
3439 P¢ 24 1.31 —23 Marked paralysis and 
convulsions 
C-L @ 1.68 
3656 P¢ 26 2.59 —13 Marked paralysis 
C-L ¢# 2.97 
3548 P¢ 27 2.46 +2 Slight convulsions 
C-L # 2.41 
3653 P-R ? | 27 2.99 —10 | No signs of poly- 
neuritis 
cDe | | 3.38 
3509 P-R @ 27 | «(0.66 — 56 Slight paralysis 
C-D ¢# | 1.50 
3508 P-D 9 29 | 2.24 —10 Slight paralysis 
C-R 9? 2.50 
3514 PQ 35 2.01 —16 Staggering gait 
C-L 9 2.41 
Average, 13 groups...................- —17 

















* See explanation of symbols below Table I. 











ree 


294 


Oxygen Uptake of Tissues 


Tase III 


Effect of Vitamin B, Deficiency upon Respiration of Rat Kidney in Vitro 
Oxygen uptake expressed as microliters per mg. per hour. 








ment No. of animal and ——e oe in oxygen Degree of polyneuritis 
per cent per cent 
3388 P-R 16 2.39 —10 | No signs of poly- 
neuritis 
C-D¢ 2.67 
3577 P-D 9 18 2.99 —22 | Marked paralysis 
C-R @ 3.77 
3403 P 9° 19 5.80 —21 Marked paralysis 
C-L 9 7.26 
3383 P-R 24 3.00 —16 | Slight paralysis 
C-D¢ 3.56 
3411 P¢ 24 2.98 -—8 | No signs of poly- 
neuritis 
C-L¢d 3.23 
3599 P-D ¢@ 24 6.32 —14 | Marked paralysis; 
convulsions 
C-Rd 7.32 
3366 P-DL 9 26 2.85 —5 | Slight paralysis 
C-DR 9 3.01 
3652 P-L 9 26 4.00 —24 | Slight paralysis 
Cg? 5.28 
3606 P-DL @ 27 3.85 —31 | Marked paralysis 
C-DR ¢# 5.57 
3636 P-DR ¢# 28 4.38 —41 | Marked paralysis 
C-DL ¢@ 7.38 
3345 P-R 29 2.34 —22 | Marked paralysis 
C-D 7 3.02 
3389 P-D¢ 30 2.43 —24 | No signs of poly- 
neuritis 
C-DR¢# 3.19 
3306 P-D ¢@ 30 2.56 —28 | No signs of poly- 
neuritis 
C-DR¢ 3.56 
3307 PQ 33 3.33 —-17 | No signs of poly- 
neuritis 
C-DL @ 4.02 
3325 P-L 9 34 2.81 —4 | No signs of poly- 
neuritis 
C-D 9 2.92 
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Tasie III—Concluded 


























i of snimmal and ae | a in oxy | Degree of polyneuritis 
| per cent per cent 

3269 P-R 9? 34 4.54 —22 | Marked paralysis 
CD? | 5.85 

3360  P@ | 3% 2.67 —19 | Marked paralysis 
C-L¢@ 3.32 

3380 P-DL 9 36 2.59 —20 | Marked paralysis 
C-DR ¢ | 3.22 

3361 P-R @ 36 3.04 —17 Slight paralysis 
C-D ¢# | 3.66 

Average, 19 groups....................| —19 











* See explanation of symbols below Table I. 


animals with only slight ophthalmia in one eye gave a reduction 
of 32 per cent of oxygen uptake. No correlation was found 
between the intensity of vitamin A deficiency, as is evidenced by 
the severity of ophthalmia, labored respiration, and loss of weight, 
and reduction of oxygen uptake of avitaminous cerebrum com- 
pared with the same tissue from controls. In the case of the 
heart, however, too few animals were used to warrant any correla- 
tion between the avitaminotic state and efficiency of respiration. 
It is interesting to note that the average reduction in oxygen con- 
sumption of cerebrum of thirteen groups of vitamin A-deficient 
animals (14 per cent) was very near the reduction observed in 
sixteen groups of cerebrum of animals deficient in vitamin B, 
(16 per cent). Also, the average reduction in oxygen uptake of 
hearts of seven groups of vitamin A-deficient animals (19 per 
cent) was approximately the same as that observed in fourteen 
groups of vitamin B,-deficient animals (17 per cent). 


DISCUSSION 


The oxygen uptake studies reported in this communication con- 
stitute a continuation of our investigations on enzymic efficiency 
in avitaminosis (6). Since the oxygen uptake of tissues furnishes 
information of the sum total of activity of the various individual 
oxidase systems, provided a plentiful supply of substrate is sup- 
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plied (3), it was anticipated that various pathological states in 
vitamin B, and vitamin A deficiencies would result in quantitative 
correlations between the amount of oxygen consumed by tissues 
and the degree of intensity of the specific symptoms of avitami- 
nosis. Such a correlation, however, was not found to exist in our 
studies. 

In the recent review of the physiology of vitamin B,, Cowgill 
(7) refers to observations made in Dr. A. B. Hastings’ laboratory 
at Harvard to the effect that, in the presence of vitamin B, 
deficiency, the tissue of the auricle, in contrast to that of the 
ventricle, shows a marked reduction in oxygen uptake when com- 
pared with the normal. Such results, Dr. Cowgill believes, con- 
stitute proof that these two parts of the heart respond differently 
to a deficiency of vitamin B, and that the auricle is more sensitive 
in this respect than the ventricle. One would then expect that 
the administration of vitamin B,; would restore the lost tone of 
the heart. As a matter of fact, the beneficial effect of vitamin 
B; in cardiac diseases has recently been reported by Weiss and 
Wilkins (8) and Jones and Sure (9). 

That there is a disturbance in carbohydrate metabolism in 
vitamin B, deficiency has been conclusively demonstrated and 
that the derangement takes place in the oxidation of pyruvic acid 
is also clear. Since the recent demonstration by Lohmann and 
Schuster (10) that cocarboxylase is a diphosphoric ester of vi- 
tamin B,, the interpretation suggests itself that the disappearance 
of pyruvate following minute vitamin B, additions is associated 
with a decarboxylation process resulting in acetaldehyde and 
carbon dioxide as intermediate steps in carbohydrate metabolism, 
most probably accompanied by an additional reaction involving 
the production of acetic acid and carbon dioxide. 

That reduced oxygen uptake is not characterisitic and specific 
for vitamin B, deficiency is evident from the report of Adams 
(11) who found that the oxygen consumption of the skin of vi- 
tamin G-deficient rats declines to a much lower level than in 
normal rats of the same age, and from the report of Presnell (12) 
who observed that the oxygen uptake of skins of vitamin D- 
deficient rats was only 60 to 70 per cent of that of normal controls. 

The mechanism involved in the reduction of oxygen uptake of 
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brain and heart in vitamin A deficiency is open for investigation. 
The most puzzling question in our minds is the lack of association 
of oxygen uptake of tissues and the avitaminotic state of the 
animal. Undoubtedly there must be many factors influencing 
oxygen consumption of tissues of vitamin-deficient animals that 
are not all clear and which require further study. 


SUMMARY 


Measurements were made with the Barcroft apparatus of the 
oxygen uptake of several tissues of the albino rat. The experi- 
ments were carried out by the paired feeding method, the daily 
food intake of the control animals having been restricted to the 
same plane of nutrition as that consumed by the pathological 
litter mates during the previous 24 hours. The results, expressed 
as per cent reduction in oxygen uptake, can be summarized as 
follows: 

Deficiency of the vitamin B complex: kidney, twenty-one 
groups, —15 per cent; heart, nine groups, —18 per cent. Vi- 
tamin B, deficiency associated with polyneuritis: cerebrum, 
sixteen groups, —16 per cent; heart, fourteen groups, —17 per 
cent; kidney, nineteen groups, —19 per cent. Vitamin A de- 
ficiency: cerebrum, thirteen groups, —14 per cent; heart, seven 
groups, —19 per cent. Neither the extent of loss of weight, 
the severity of polyneuritis, nor the severity of ophthalmia had 
any influence on the quantitative reduction of oxygen uptake of 
either the kidney, heart, or cerebrum of the albino rat on diets 
deficient in vitamin B complex, vitamin B,, or vitamin A, re- 


spectively. 
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THE MALE SEX HORMONES OF HUMAN URINE 
AND BLOOD 


By D. ROY McCULLAGH anp W. O. OSBORN 
(From the Department of Biochemical Research, Cleveland Clinic, Cleveland) 


(Received for publication, June 22, 1938) 


Adler (1) in 1934 demonstrated that a physiologically inactive 
extract of human male urine can be obtained with butyl alcohol 
and that, by subsequent heating with strong acid, the inactive 
extract can be converted into a potent material which promotes the 
growth of the combs of capons. Peterson, Gallagher, and Koch 
(2) in 1937 confirmed the acid hydrolysis of the inactive form and 
have determined the optimum time of hydrolysis by boiling urine 
acidified with one-tenth by volume of commercial hydrochloric 
acid. It is well known that the active forms of the comb growth- 
promoting substances are water-insoluble and _lipid-soluble. 
Dingemanse, Borchardt, and Laqueur (3) in 1937 demonstrated 
that the inactive form is water-soluble and lipid-insoluble. They 
have also discovered the important facts that the inactive form 
is not made lipid-soluble by even prolonged boiling with strong 
aqueous or alcoholic potassium hydroxide and that the latent 
activity is not destroyed by such treatment, for, if followed by acid 
hydrolysis, the active form is completely recoverable, as shown in 
tests made by injection into capons. Dingemanse and Laqueur 
(4) have studied methods of avoiding destruction of androgens 
while activating the inactive form with hydrochloric acid. Re- 
cently, Peterson, Hoskins, Coffman, and Koch (5) have found 
that normal butyl alcohol extracts all the androgenic material 
from male urine and that this material is practically all in an in- 
active form. At the same time McCullagh, Osborn, and Osgard 
(6) made a similar preliminary report of the experiments discussed 
in this paper. 

Experiments designed to throw further light on the properties 
of the free and inactive androgens in urine have been carried out 
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in this laboratory by use of the rat assay method of Korenchevsky 
(7), the capon injection assay method of Gallagher and Koch (8), 
and also the capon comb inunction assay method of Fussgiinger 
(9). McCullagh and McLin (10) showed that quantitative ex- 
traction of free androgens from urine can readily be made by the 
use of dibutyl ether. The method of separation of free and in- 
active androgens was based upon that work combined with the 
fact established in this paper that there is no appreciable extrac- 
tion of inactive urinary androgens by the use of this solvent. 

McCullagh, McCullagh, and Hicken (11) were the first to point 
out the existence of androgens in human blood. The hormone 
content of blood was obtained by ether extraction of the solid 
mass resulting from the desiccation of the blood with anhydrous 
sodium sulfate. The possible existence of an inactive androgen 
in blood was not suspected at that time but definite evidence is 
presented in this paper to prove the existence of such a compound, 
and to show it to be insoluble in dibutyl ether. 


EXPERIMENTAL 


In preliminary experiments, urine from unemployed men who 
were being fed and housed by the city of Cleveland was examined 
for androgens and for substances which become androgenic fol- 
lowing boiling with acid. In these experiments extraction with 
dibutyl ether showed that this urine contained little if any active 
androgenic material. The urine was extraordinarily low in total 
androgenic material, containing only 7 international units per 
liter after boiling for 15 minutes with 5 per cent sulfuric acid. 
The assays were made by the methods of Korenchevsky (7) and 
of Gallagher and Koch (8). These methods necessitated the use 
of rather large samples of urine and hence an extended period of 
extraction. There was indication that some activation occurred 
during this time. 

Therefore, freshly excreted urine from four normal men working 
in this institution was studied. In order to make the extractions 
more rapid, small quantities of urine were used and the extracts 
were assayed according to the inunction method on the combs 
of capons. In each case, 150 cc. of freshly voided urine were 
acidified by the addition of 7.5 cc. of concentrated sulfuric acid and 
extracted twice by shaking vigorously for 10 minutes with an 
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equal volume of cold dibutyl ether. The two dibutyl ether ex- 
tracts were combined, washed with water, and evaporated to 
dryness by steam distillation in a partial vacuum. The oily 
residue was dissolved in 6 ec. of sesame oil. 60 cc. of the extracted 
urine were then boiled for 15 minutes, cooled under running water, 
and reextracted in a similar fashion. Five birds were used to 
assay each preparation; 0.1 cc. of oil was applied to each side of 
the comb daily for 5 days. The combs were measured at the be- 
ginning of the experiment and again on the 7th day. Table I 
gives the results of this study. In another publication (12) the 
dose-response curve of the capon comb following the administra- 
tion of androsterone is given. The experiments show that con- 
trary to the opinions expressed by earlier workers the specimens 


TaBie | 
Androgens in Normal Male Human Urine, Expressed As International Units 


























i And liter bef And liter after 
Specimen No. n Daling with acl 7 ore n rome pes ee 9 
1 | 0.5 38 
2 0 49 
3 | 0 45 
4 0 46 


of fresh urine examined contained no measurable androgenic 
material. The same urine boiled for 15 minutes with 5 per cent 
sulfuric acid by volume contained an average of 44 international 
units per liter of dibutyl ether-soluble androgen. It seems 
probable that the more drastic methods of extraction employed 
by other workers caused partial activation of the hormone during 
the process of extraction. 

Further similar tests show that the inactive hormone is in- 
soluble in benzene, chloroform, and dibutyl ether. It is quite 
soluble in butanol, slightly soluble in ethyl acetate, and can to a 
large extent be adsorbed on charcoal. 


Androgens in Blood 


Various methods have been used in this laboratory for the ex- 
traction of androgenic material from blood. The most effective 
is the following simple procedure. 
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30 cc. of oxalated blood are laked with 270 cc. of water and 15 
ec. of concentrated sulfuric acid. The mixture is boiled for 15 
minutes and thoroughly extracted twice with 150 cc. quantities 
of dibutyl ether. Emulsions which may form are broken down 
by the addition of sodium taurocholate. The dibutyl ether is 
washed twice with 50 cc. of 10 per cent sodium hydroxide and 
twice with 50 cc. of water and evaporated to dryness by steam 
distillation in a partial vacuum. The residue is removed from the 
flask to a small beaker with ethyl ether; 5 cc. of sesame oil are 
added and the ether removed on a water bath. The oil is applied 
evenly over the combs of five birds over a period of 5 days; 7.e., 
each bird receives 0.1 cc. of oil on each side of the comb each day. 
The increase in comb size is measured 24 hours after the final 
inunction. The results can be expressed in international units 
after interpretation according to the dose-response curve. 

Twenty assays carried out on a total of 100 capons have already 
been made. It has been found that the extracts of 50 cc. of fresh 
human male blood which has not been boiled caused no comb 
growth in five birds. Mixed samples standing at room tempera- 
ture for some hours contain traces of free androgenic material. 
The greatest yield was obtained after boiling for 15 minutes, 
although boiling for shorter periods causes some activation. 
Continued boiling causes a rapid decrease in androgenic content. 
Boiling for 30 minutes decreases the yield about 50 per cent. 
Some androgenic activity remains after boiling for 5 hours. With 
the method suggested above, about 4 international units are 
obtained from 100 ec. of blood from normal young men. 


SUMMARY 


1. All the androgenic material in freshly voided male human 
urine is in an inactive form; androgens are present after boiling 
with acid. 

2. The inactive androgenic substance is soluble in butanol, 
less soluble in ethyl acetate, and insoluble in benzene, chloroform, 
and dibutyl ether. It is adsorbed by charcoal. 

3. A method is described for the extraction and assay of an- 
drogens in blood. 

4. All the androgenic material in normal male human blood is 
inactive and can be activated by boiling with acid. 
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METABOLIC INVESTIGATIONS ON A CASE OF 
PHENYLPYRUVIC OLIGOPHRENIA* 


By GEORGE A. JERVIS 


(From the Research Department, Letchworth Village, New York State 
Department of Mental Hygiene, Thiells) 


(Received for publication, April 20, 1938) 


An apparently new type of metabolic abnormality in man has 
been described recently by Folling (1). This author reports hav- 
ing found phenylpyruvic acid in the urine of ten mentally defective 
patients. Shortly thereafter, similar cases were discovered by 
Penrose (2) in England, and by the writer (3) in the United States. 
The term phenylpyruvic oligophrenia has been proposed for this 
condition. The present paper records the effects of feeding vari- 
ous compounds to a patient afflicted with this peculiarity. 

The subject, B. J., was a well developed and otherwise healthy 
male imbecile, aged 28 years. During the experiments he re- 
ceived two basal diets. The first (Diet A) was nitrogen-free. It 
consisted of 300 gm. of corn-starch and 150 gm. of sugar a day. 
The daily urinary excretion of nitrogen was thus reduced to 2 to 
3 gm., and the phenylpyruvic acid output to 250 to 350 mg. The 
second diet (Diet B) consisted of Cream of Whedt 100 gm., 
bread 130 gm., and milk 400 gm. for breakfast; and two eggs, po- 
tatoes 225 to 230 gm., bread 150 gm., milk 400 gm., and two or- 
anges for both lunch and supper. The daily excretion of nitrogen 
and phenylpyruvic acid was constant within a range which was 
considered sufficiently satisfactory, the value of nitrogen ranging 
from 14 to 15 gm., and the value of phenylpyruvic acid from 1.8 to 
2.1 gm. 

Methods 


All determinations were performed on 24 hour specimens of 
urine. Total nitrogen was determined by the usual Kjeldahl 


* Aided by a grant from Child Neurology Research (Friedsam Founda- 
tion). 
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method, urea according to the urease method of Van Slyke and 
Cullen, and ammonia with Folin’s aeration procedure. The pH, 
amino acid nitrogen, and creatinine were determined colorimetri- 
cally. The figures for urea, ammonia, preformed creatinine, and 
pH showed nothing of significance, and have been omitted from 
the tables. 

For the quantitative determination of phenylpyruvic acid, the 
colorimetric method of Penrose and Quastel (4) was used. In 
addition, a gravimetric technique was worked out, based on the 
capacity of 2,4-dinitrophenylhydrazine to form insoluble hydra- 
zones with keto acids (Neuberg and Kobel (5)). To 100 cc. of 
filtered urine, 300 mg. of 2,4-dinitrophenylhydrazine dissolved in 
5 cc. of hot 2 N HCl were added. A precipitate of dinitrophenyl- 
hydrazone formed immediately. The mixture, after standing for 
several hours at room temperature, was extracted with ether. 
After evaporation of the ether, the hydrazone was dissolved in a 
small amount of saturated sodium carbonate and reprecipitated 
by acidification. The precipitate was removed by filtration 
through a Jena crucible, washed with 200 cc. of warm 2 N HCl in 
order to remove residua of hydrazine, and then with 200 cc. of 
water. It was dried overnight in an oven at 80° and weighed. 

A considerably easier method, based upon the capacity of 
phenylpyruvic acid to combine, molecule for molecule, with so- 
dium bisulfite (Hemmerlé (6)), was also used in all determina- 
tions, but was not so accurate as the two procedures mentioned 
above. The oxidation method described in a previous paper 
(3) yielded constantly higher figures, since hippuric and other 
chloroform-soluble acids cannot be completely eliminated. 


Administration of Phenylalanine 


The racemic and the two optically active forms of phenylalanine 
(Hoffmann-La Roche) were repeatedly fed, the patient being 
kept on both DietsAand B. After each feeding, 100 cc. of urine, 
from which phenylpyruvic acid had been removed by precipita- 
tion as the hydrazone, were extracted with butyl alcohol. The 
alcohol was evaporated, and the dry residuum was tested for 
phenylalanine according to the colorimetric method of Kappeler- 
Adler (7). In no case was phenylalanine detected. 

As seen in Table I, a rise in the urinary output of phenyl- 
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pyruvic acid constantly followed the ingestion of phenylalanine. 
This observation, which was originally reported by Fodlling (1), 
appears of basic importance. There is convincing evidence, 
derived from feeding experiments (Kotake (8), Chandler and 
Lewis (9)) and from oxidation studies in vitro with tissue slices 
(Krebs (10), Neber (11), Lieben and Kretschmayer (12)) in 
support of the assumption that phenylpyruvic acid is an inter- 


TaBLe I 
Feeding of Phenylalanine 





























Form of | | Phenyipyruvie acid | Ratio 
com- | | . Total 
mrad | Date | Total | SESE | crate |S] yam | Bini 
(5 gm.) | metric | zine - 
| gm. gm. om. | gm. gm. 
May 16-17 | 15.5 | 0.24 1.37 | 1.96 | 2.07 12.9 
ad | “ 18 | 16.1 | 0.31 | 1.31 | 3.28 | 2.96 | 19.3 
“a9 | 14.9 | 0.18 | 1.30 | 2.25 | 2.14 | 14.7 
“2 | 14.3 | 0.16 | 1.27 | 1.77 | 1.78 | 12.4 
June 16-17 | 13.9 | 0.16 | 1.44 | 1.70 | 1.71 | 12.8 
l “a | 14.0 | 0.20 | 1.42 | 2.40 | 2.34 | 16.9 
“ “19 | 14.6 | 0.16 | 1.49 | 2.41 | 2.37 | 16.3 
“ 20 15.5 | 0.16 | 1.39 | 2.04 | 2.00 | 13.0 
“2 | 13.9 | 0.17 | 1.39 | 1.79 | 1.97 | 13.5 
dl “ 95 16.4 | 0.29 | 1.40 | 8.04 | 2.84 | 17.8 
“ 6 15.0 | 0.19 | 1.43 | 2.16 | 144 
Dec. 13 4.1 | 0.13 | 1.62 | 0.63 | 0.88 | 18.4 
d “ 14 3.6 | 0.18 | 1.17 | 1.30 | 1.87 | 374 
“ 15-16 | 3.6 | 0.10 | 1.32 | 0.52 | 0.75 | 17.6 
l “ 17. 3.9 | 0.11 | 1.50 | 0.91 | 1.98 | 28.1 
“ 18 3.3 | 0.13 | 1.50 | 0.78 | 0.81 | 24.1 
“ 19 3.7 | 0.12 | 1.55 | 0.50 | 0.76 | 17.0 
dl “ 20 3.7 | 0.16 | 1.28 | 1.01 | 1.06 | 27.8 
“ 2 3.8 | 0.19 | 1.38 | 0.63 | 0.74 | 18.0 








| 





mediary step in the metabolism of phenylalanine. It is, there- 
fore, reasonable to assume that the phenylpyruvic acid present in 
the urine of the patient was derived from the incomplete oxidation 
of the amino acid. 

Following the ingestion of other pure amino acids, including 
glycine 20 gm., alanine 10 gm., valine 10 gm., leucine 10 gm., 
cystine 10 gm., and tryptophane 4 gm., no increased excretion of 
the ketonic acid was observed (Table II). 
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That phenylalanine is the source of the phenylpyruvic acid 
appears also from the following experiments. Proteins containing 
various amounts of phenylalanine were fed, the content of phenyl- 
alanine of each having been determined by the Kappeler-Adler 
method (7): gelatin, casein, and edestin 100 gm. each, representing 
0.4, 4.4, and 3.8 gm. of phenylalanine respectively. As shown in 
Table III, the higher the phenylalanine content of the protein, 
the greater the increase in output of phenylpyruvic acid. 


Taste II 
Feeding of Amino Acids 





| Phenylpyruvie 





























ee Ratio, 
Compound fed Date Total “Amino aur | sinciipheeiadee 
— Colori-| Hydra-| to N 
metric | zine 
gm. gm. gm. gm. gm. 
Mar. 6/ 14.3 1.35 | 1.74 | 1.70 | 12.0 
Glycyl-dl-phenylala- * | G1 1.34 | 2.33 | 2.42 7 
nine, 3.5 gm. 
* 8} 16.0 1.40 | 2.00 | 2.00 | 12.5 
Jan. 10} 3.5) 0.11 | 1.40 | 0.38 | 0.47 | 12.1 
Pheny! serine, 5 gm. “ 11} 4.6 | 0.12 | 1.40 | 0.46 | 0.51 | 10.5 
Ureido, 5 gm. 12} 4.0} 0.14 | 1.33 | 0.35 | 0.40) 9.4 
Sept. 28| 16.5 | 0.15 | 1.39 | 1.98 | 2.03 | 12.2 
Glycine, 20 gm. * 29) 18.6 | 0.19 | 1.39 | 2.05 | 2.02 | 10.9 
Oct. 5) 15.7 | 0.17 | 1.34 | 1.90 | 2.00 | 12.4 
Alanine, 10 gm. “ 6] 14.3 | 0.26 | 1.30 | 1.90 | 1.92 | 13.4 
“ 7) 15.8 | 0.28 | 1.52 | 1.88 | 2.12 | 12.7 
Valine, 10 gm. “ 8} 15.5 | 0.36 | 1.41 | 1.98 | 1.88 | 12.5 
Leucine, 10 gm. * 9} 16.0 | 0.48 | 1.50 | 2.14 | 1.90 | 12.6 
Cystine, 10 ‘“ * 10| 16.3 | 0.22 | 1.53 | 1.69 | 2.13 | 11.7 
* 21) 3.0 | 0.07 | 1.34 | 0.36 | 0.37 | 12.2 
Tryptophane, 4 gm. “ 22; 2.9 | 0.06 | 1.41 | 0.40 | 0.41 | 14.0 





When the deamination of phenylalanine is blocked, no increase 
in the urinary output of phenylpyruvic acid results, as is shown in 
feeding experiments with the ureido derivative of phenylalanine 
(Table II). Negative results were also obtained following the in- 
gestion of 8-hydroxyphenylalanine in which the presence of the 
8-hydroxyl group prevents a oxidation (Dakin (13)). On the 
other hand, the ingestion of glycyl-dl-phenylalanine is followed by 
an increased output of phenylpyruviec acid. 

It will be noted that the output of phenylpyruvic acid was not 
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equivalent to the total amount of phenylalanine fed. It appears, 
therefore, that part of the amino acid was completely oxidized, 
since none was recovered as such in the urine. This finding may 
be explained either by an alternative path in the oxidation of 
phenylalanine through tyrosine (Embden and Baldes (14), Ko- 
take (8), Medes (15), Edson (16)), or by the assumption that the 
metabolic error in our subject was not complete. 

The study of the behavior of the two optically active forms of 
phenylalanine appears of some interest. It will be noted (Table I) 
that on both diets the excretion of phenylpyruvic acid was greater 
after feeding the d form than after feeding the 1 form. These 
results appear to indicate that the naturally occurring /-phenyl- 
alanine is utilized more readily than its optical isomer, as has been 


TABLE III 
Feeding of Various Proteins 








Phenylpyruvic 
Amino | Total acid 


Ratio, 
Compound fed (100 gm.) Date | Total acid | creat — 








| metrie | zine 
—E —— | — ee 





sata | Soetelo | "slae toN 




















gm. gm. gm. gm. gm. 
Mar. 9| 14.9 | 0.17 | 1.37 | 1.95 | 1.94 | 13.1 
Gelatin | 10] 21.5 | 0.16 | 1.40 | 2.06 | 2.09) 9.2 
| “ 97] 15.9 | 0.18 | 1.42 | 2.05 | 1.84 | 12.2 
Casein | 18] 24.6 | 0.25 | 1.52 | 2.67 | 2.75 | 11.0 
| “ 21] 14.8 | 0.14 | 1.35 | 1.81 | 1.68 | 11.8 
| “ 22 | 21.5 | 0.24 | 1.43 | 2.35 | 2.27 | 10.8 


Edestin 


shown to be the case in the normal human organism by Kotake 
et al. (17), and in animals by Chandler and Lewis (9). 

The formyl and acetyl derivatives of both forms of phenyl- 
alanine, prepared according to the directions of du Vigneaud and 
Meyer (18), were also fed to the patient. As is shown in Table 
IV, the formyl and acetyl derivatives of d-phenylalanine are not 
oxidized to the stage of phenylpyruvic acid, whereas the deriva- 
tives of the natural enantiomorph undergo oxidation in the 
organism, since they yield a small but constant increase in the 
output of phenylpyruvic acid. These results appear in agreement 
with evidence obtained in growth experiments (du Vigneaud et al. 
(19), Jackson and Block (20)), indicating that the hydrolytic 
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reaction which occurs before the utilization of an amino acid is 
extremely specific with respect to spatial configuration. 


Effects of Phenylpyruvic Acid and Certain Related Compounds 


Phenylpyruvie acid, prepared according to the directions of 
Hemmerlé (6), was fed repeatedly. A rapid rise in the urinary 
output of the acid, and a marked increase in the ratio of phenyl- 
pyruvic acid to nitrogen, constantly followed (Table V). It 
seems confirmed, therefore, that this acid was broken down with 
difficulty in the organism of the patient. An increase in the out- 











Tasie IV 
Feeding of Formyl- and Acetylphenylalanine 
| ok 
Phenyl , 
otal |Amino| Total | acid | Ratio, 
Compound fed (5 gm.) Date N oud creati- | sienine 


nine | Colori- | Hydra-| to N 
| metric sine | 

















gm. gm. | gm. gm. | gm. | 

Aug. 2} 2.7 | 0.05| 1.27 | 0.33 | 0.31 | 11.9 
Formy]-d-phenylala- Mar. 3/ 2.8 | 0.06 | 1.24 | 0.29 | 0.32 | 10.9 
nine 

“  ~—64)| 2.7 | 0.06 | 1.32 | 0.32 | 0.33 | 12.0 
Formyl-l-phenylalanine| Feb. 5| 2.6 | 0.06 | 1.05 | 0.48 | 18.5 

* 6) 2.9 | 0.06 | 1.09 | 0.41 | 0.44 14.7 

“« 7) 2.4 | 0.05 | 1.08 | 0.33 | 0.29 | 12.9 
Acetyl-l-phenylalanine * 8) 2.4 | 0.06 | 1.10 | 0.47 | 0.49 20.0 

* 9! 2.4 | 0.06 | 0.94) 0. 0.46 | 18.9 

* 10; 2.5 | 0.06 | 1.15 | 0.35 | 0.43 | 15.6 
Acetyl-d-phenylalanine| “ 11) 2.6 | 0.07 | 1.06 | 0.31 | 0.36) 12.9 














put of phenylpyruvic acid occurred also following the ingestion 
of phenyllactic acid (5 gm.), whereas no increase was obtained 
with the phenyl derivatives of other fatty acids containing 3 
carbon atoms in the aliphatic chain (Table V). 


Influence of Tyrosine and Tyrosine Derivatives 


Tyrosine (Hoffmann-La Roche) in doses of 10 and 25 gm. was 
without influence upon the urinary excretion of phenylpyruvic 
acid. Nor were increases observed following the administration 
of diiodotyrosine 4 gm., glycyltyrosine 4 gm., dihydroxyphenyl- 
alanine 3 gm., homogentisic acid 3 gm., and p-hydroxyphenylpyru- 
vic acid 3 gm. (Table VI). In each of these experiments the urine 





























TABLE V 























Feeding of Phenylpyruvic Acid and Other Compounds 


ee ~ * ee | Ratio, 





























Acidted (Gem) | Date | Total | “Sid | creati- |__| Phenyr- 

| | N | ase | Colori- Hydra- to N 

oo Maden ee p< . li | mates i = | — 

gm. gm. | gm. ; gm. gm. 

Jan. 12) 4.0 | 0.19 | 1.33 0.35 | 0.42; 9.6 

Phenylpyruvic * 13; 3.8 | 0.16 | 1.23 | 1.62 | 1.40 | 39.8 

| “ 14} 8.2] 0.16 | 1.15 | 0.54 | 0.61 | 18.0 

|} “ 15) 3.2) 0.20 | 1.17 | 0.45 | 14.0 

| Sept. 13 | 15.6 | 0.14 | 1.37 | 1.89 | 1.86 | 12.0 

Phenylpyruvic | “ 14! 16.5 | 0.15 | 1.36 | 3.68 | 3.92 | 22.6 

* —15| 17.1 | 0.15 | 1.43 | 2.20 | 1.90 | 11.9 

© 16} 17.1 | 0.15 | 1.58 | 2.00 | 1.95 | 11.5 

Jan. 19; 3.5/ 0.10 | 1.29 | 0.36 | 0.34 10.0 

Phenyllactic * 20} 3.6 | 0.10 | 1.17 | 0.98 | 0.79 | 24.6 
21) 2.9 | 0.07 | 1.23 | 0.52 | 0.32 | 14.5 

“ 8! 3.6) 0.10 | 1:33 | 0.42 | 0.62 | 14.4 

Phenylglyceric - Sai 1.48 | 0.46 | 0.63 | 14.7 

* 10] 3.5] 0.11 | 1.40 | 0.36 10.3 

Apr. 30/ 16.5 | 0.18 | 1.55 | 1.82 13 | 11.9 

Phenylpropionic May 1) 16.6 | 0.17 | 1.44) 2.00 | 2.01 | 12.1 

“« 2] 15.0 | 0.14 | 1.43 | 1.93 | 1.93 | 12.9 

June 28; 15.9 | 0.22 | 1.36 | 1.75 11.0 

Cinnamic “ 29) 16.1 | 0.21 | 1.28 | 1.73 | 1.80 | 10.9 

“ 30| 15.6 | 0.14 | 1.57 | 1.94 | 2.09 | 12.9 

Apr. 19} 15.0 | 0.18 | 1.50 | 2.13 14.2 

Phenylacetic “ 20) 17.2 | 0.20 | 1.58 | 1.84 | 1.83 | 10.6 

* 21| 16.5 | 0.23 1.48 | 2.12 2.00 | 12.5 

TaBie VI 
Feeding of Tyrosine and Derivatives 

rots) |Amino| Total | Ponyloyrvi 
Compound fed Date N acid | creati- | ——___—— 
N nine Colori- | Hydra- 

| metric | sine 

gm, gm. gm. | gm. gm. 

July 27 | 16.0 | 1.60 | 1.85 | 2.03 

Tyrosine, 25 gm. “« §28/ 17.0 1.58 1.90 | 1.95 
Oct. 18| 4.1 | 0.09 | 1.10 | 0.36 | 0.35 

Homogentisic acid, 3 gm. a. Se .10 | 1.40 | 0.42 | 0.44 
Dihydroxyphenylalanine, “ 20; 3.8 | 0.11 | 1.42 | 0.42 | 0.40 

3 gm. | 

Diiodotyrosine, 4 gm. “ 22/| 2.8 | 0.07 | 1.41 | 0.40 | 0.40 
Glycyltyrosine, 4 “* “ 23| 2.5 | 0.06 | 1.38 | 0.35 | 0.42 
Mar. 3| 13.4 | 1.26 | 176 | 1.74 

Hydroxyphenylpyruviec acid, “« 4] 15.4 | 1.69 | 2.17 | 2.10 

3 gm. 
“ 5/143 | 1.36 | 1.82 | 
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was tested for the presence of tyrosine and its catabolites by the 
Millon method, as described by Fiirth and Scholl (21). No sig- 
nificant results were obtained in either the ether-soluble or the 
ether-insoluble fractions. The findings indicate, as would be ex- 
pected theoretically, that tyrosine does not yield phenylpyruvic 
acid. Moreover, since no catabolites of tyrosine were recovered, 
it seems likely that the patient experienced no difficulty in utiliz- 
ing this amino acid. 
SUMMARY 

1. Feeding experiments to a patient with phenylpyruvic oligo- 
phrenia are reported. The following pure amino acids were fed: 
phenylalanine, tyrosine, tryptophane, phenylserine, dihydroxy- 
phenylalanine, alanine, leucine, cystine, valine, and glycine. Of 
these only phenylalanine increases the urinary output of phenyl- 
pyruvic acid. 

2. The dextro form of phenylalanine induces a greater increase 
in phenylpyruvie acid than the levo form. Formyl- and acetyl-d- 
phenylalanine do not yield phenylpyruvic acid, whereas the cor- 
responding derivatives of l-phenylalanine increase the excretion 
of phenylpyruvic acid. 

3. The ingestion of phenylpyruvic and phenyllactic acids leads 
to increased excretion of phenylpyruvic acid. Phenylpropionic, 
phenylglyceric, cinnamic, p-hydroxyphenylpyruvic, and homo- 
gentisic acids fail to augment the output of phenylpyruvic acid. 

4. The significance of these findings is briefly discussed. It is 
concluded that the disease is characterized biochemically by an 
inhibition in the metabolism of phenylalanine at the stage of 
phenylpyruvic acid, the subject being unable to oxidize this keto 
acid at a normal rate. 


The author is indebted to Professor H. B. Lewis of the Univer- 
sity of Michigan, who revised the manuscript and offered valuable 
suggestions. 
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CHANGES OF NITROGEN CONTENT BROUGHT ABOUT 
BY DENATURATION OF PROTEINS* 


By BYRON M. HENDRIX anp JOE DENNIS 


(From the Laboratory of Biological Chemistry, School of Medicine, University 
of Texas, Galveston) 


(Received for publication, July 15, 1938) 


There are a few papers in the literature which indicate a slight 
difference in the nitrogen content of a native protein and its cor- 
responding denatured derivative. Osborne (1) found the nitrogen 
content of edestin to be 18.69 per cent, while edestan, a denatured 
edestin, contained 18.50 per cent nitrogen. Florence, Enselme, 
and Pozzi (2) found similar preparations to differ in this respect. 
Their edestin contained 18.71 per cent and the denatured material 
17.92 per cent nitrogen. If these differences are real, they could 
indicate a splitting of nitrogen-rich materials from the protein 
molecule by the denaturation process or an addition of water to 
the molecule in the amount necessary to produce the observed 
lowering. 

In order to see whether there is a statistically significant altera- 
tion of the nitrogen content of proteins accompanying their dena- 
turation we have prepared and analyzed, for nitrogen, samples of 
egg albumin and edestin along with their corresponding denatured 
derivatives. In order that the results could be treated statistically 
we have made a large number of determinations on each prepara- 
tion, the number presented in this paper varying from 105 in the 
case of one of the crystalline albumins to 41 in the case of the other 
crystalline albumin. We have felt that this number of determina- 


* The data in this paper have been taken from a thesis presented by 
Mr. Dennis to the Graduate School of the University of Texas in partial 
fulfilment of the requirements for the degree of Master of Arts. A pre- 
liminary report has been made at the meeting of the American Society of 
Biological Chemists at Baltimore, March, 1938 (Proc. Am. Soc. Biol. Chem., 
J. Biol. Chem., 123, p. liii (1938)). 
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tions is sufficient for statistical purposes. Additional prepara- 
tions have been made and analyzed but for purposes of brevity are 
not included in this report. To check the possibility that nitro- 
gen-rich materials (ammonia, etc.) were split from the molecule 
by the treatment employed in preparing the denatured samples 
we have analyzed in every case the filtrates from these prepara- 
tions. 


Methods 


The egg albumin used in these experiments was prepared and 
twice recrystallized by a slight modification of the method of 
Kekwick and Cannan (3). The samples thus prepared consist of a 
mixture of the crystalline protein and sodium sulfate. This mix- 
ture was analyzed for moisture, ash, and nitrogen, and the nitro- 
gen figures given are calculated to the moisture- and ash-free basis. 

The alkali-denatured albumins were prepared by dissolving 
the crystalline material in water (usually 300 gm. in 4 liters of 
water) and adding 1.0 nN sodium hydroxide until the total alkalinity 
was 0.1 n. After this material had stood for stated periods of 
time (30 minutes to 6 hours), the solutions were adjusted to 
the isoelectric point with 1.0 n hydrochloric acid and the insoluble 
denatured protein filtered off, washed thoroughly with water, and 
then dried either by allowing the water to evaporate, or with al- 
cohol and ether. The washings and filtrates were combined and 
analyzed as outlined below. The acid-denatured albumin was 
obtained by adjusting solutions of crystalline albumin to about 
pH 1 with hydrochloric acid and permitting them to stand over- 
night. The protein was precipitated by adjusting to the isoelec- 
tric point with 1.0 nN sodium hydroxide and filtered, washed, and 
dried as described above. A denatured albumin was also pro- 
duced by shaking solutions of the crystalline material until a 
small aliquot of the solution gave only a faint turbidity with 
trichloroacetic acid. These samples were washed and dried in 
the same manner as the other denatured products. 

The edestin used was prepared and twice recrystallized by the 
method of Osborne (4). The crystalline material was dried in a 
vacuum desiccator over KOH at 2°. A sample of edestan was 
prepared by allowing 185 gm. of this product to stand for 2 weeks 
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in 10 liters of water, a small amount of thymol being used as a pre- 
servative. 

The filtrates and washings from all of these preparations were 
analyzed. In two cases, as will be discussed later, the amount of 
nitrogen remaining in solution was so small that the analysis was 
carried out directly on the filtrate. The others were treated with 
tungstic acid to remove any remaining soluble protein and the 
filtrate from this treatment analyzed for non-protein nitrogen by a 
micro-Kjeldahl technique. 

The moisture values were determined by drying samples to 
constant weight in the vacuum oven at 105° under a vacuum of 29 
inches. The time required to attain this constancy varied between 
8 and 78 hours. The amount of ash in the samples was found by 
incinerating aliquots at about 525° in 24 hour periods, until three 
successive weighings checked. The nitrogen figures were ob- 
tained by a modification of the Kjeldahl method suggested by 
Seérensen (5). The nitrogen values presented are calculated on a 
moisture- and ash-free basis. 


Results 


That there is a lowering in the nitrogen content of the crystal- 
line proteins accompanying denaturation is shown in Figs. 1 to 5. 
These graphs were constructed by grouping the number of deter- 
minations in certain ranges and plotting each such range as ab- 
scisse and a corresponding number of determinations as ordinates. 
Averages of the nitrogen determinations are given in Table I. 
All results are calculated on a moisture- and ash-free basis. That 
these differences are statistically significant can be further appre- 
ciated by a calculation of the ¢ values, as described by Yule and 
Kendall (6). It may be said that a ¢ value of 3 or greater shows a 
statistically significant difference. These values for the data 
given vary from 10.67 in the case of the edestin and edestan 
samples presented in Fig. 5 to 24.34 in the case of the crystalline 
albumin and its acid-denatured derivative (Fig. 3). 

In order for the removal of a substance from the protein molecule 
to result in a diminution of its nitrogen content, it must necessarily 
be richer in nitrogen than the molecule as a whole. Ammonia is 
the nitrogenous material most likely to be split out under the ex- 
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TABLE I 


Comparison of Nitrogen Content of Native and Denatured Proteins 
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* These results were obtained by assuming no loss of nitrogen during 
the process of denaturation. 
t These results are really the composite of the analyses of two samples 
of alkali-denatured egg albumin prepared from crystalline Egg Albumin B. 
Since the results show that the two products are essentially identical, 
they have been listed together. 
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Fic. 1. Histograms comparing the frequency-distributions of the results 
of nitrogen determinations in crystalline Egg Albumin A (average N 15.44 
per cent) and in alkali-denatured Egg Albumin A (average N, 15.20 per 
cent). Denaturation was induced by allowing the crystalline Egg Albumin 
A to stand in an excess of 0.1 N sodium hydroxide for 30 minutes. 
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perimental conditions employed in preparing the samples and 
could cause this effect. The loss of arginine or glycine would lead 
to the same result. In the calculations of Table I, we have as- 
sumed only nitrogen to be lost in the quantity shown. This is 
obviously not the case, but enables us easily to calculate the 
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Fic. 2. Histograms comparing the frequency-distributions of the nitro- 
gen determinations in crystalline Egg Albumin B (average N 15.36 per cent) 
and in alkali-denatured Egg Albumin B (average N 15.02 percent). These 
determinations of nitrogen in the alkali-denatured Egg Albumin B were 
really made on two separate preparations but since the results show them 
to be identical they are grouped together here. Denaturation was induced 
by allowing the crystalline egg albumin to stand in an excess of 0.1 N sodium 
hydroxide for 6 hours. 


maximum effect which the loss of such quantities of nitrogen could 
bring about. That the decrease in per cent nitrogen is not due to 
such losses from the protein can be seen from an examination of 
Table I. In the cases of the acid-denatured albumin shown in 
Fig. 3 and of the albumin denatured by shaking (Fig. 4), the treat- 
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ment was such that only 47 and 117 mg. of nitrogen, respectively, 
remained in the filtrate. Since this nitrogen came from 168 gm. 
of albumin (moisture- and ash-free), it is easy to calculate that, 
had these derivatives not lost this amount of nitrogen, the product 
denatured by acid would have contained 14.88 per cent, and the 
albumin denatured by shaking, 14.95 per cent nitrogen. Com- 
parison of these figures with the nitrogen content of 15.36 per cent 
for the crystalline material indicates that the amount of nitrogen 
in the protein has been lowered to an extent which cannot be 
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Fic. 3. Histograms comparing the frequency-distributions of the results 
of nitrogen determination in crystalline Egg Albumin B (average N 15.36 
per cent) and acid-denatured Egg Albumin B (average N 14.86 per cent). 
Denaturation was induced by adjusting the solution to pH 1 with hydro- 
chloric acid and allowing it to stand overnight. 


accounted for by the splitting of nitrogenous materials from the 
molecule. Since an appreciable quantity of protein remained in 
solution after the other denaturation procedures, this was re- 
moved by precipitation with tungstic acid and the nitrogen in 
this filtrate determined. In no case was this non-protein nitrogen 
sufficient to account for the observed lowering. 

Since the amount of nitrogen split off from the protein during 
the process of denaturation does not account for the decrease in 
the per cent of nitrogen, it is of interest to consider other wavs bv 
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which the nitrogen percentage might be decreased. An obvious 
suggestion is that a non-nitrogenous addition may be made to the 
protein molecule. In the methods which we used in denatura- 
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Fic. 4. Histograms comparing the frequency-distributions of the results 
of nitrogen determinations in crystalline Egg Albumin B (average N 15.36 
per cent) and in Egg Albumin B denatured by shaking (average N 14.88 
per cent). Denaturation was induced by shaking the solution of crystal- 
line Egg Albumin B until precipitation was complete. 
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Fic. 5. Histograms comparing the frequency-distributions of the results 


of nitrogen determinations in edestin and edestan, average N 18.70 and 
18.50 per cent, respectively. 


tion, only water could have been added to the protein. Simple 
calculations show that in the case of one sample of edestin, 95 
molecules of water would have to be added to produce the observed 
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decrease in per cent of nitrogen, while in the case of one sample of 
egg albumin only 25 molecules of water need be added to a mole- 
cule of protein in order to bring about the change in nitrogen ob- 
served in egg albumin denatured by alkali. The amounts of water 
required in other cases of denaturation were between these two 
extremes. Such an addition of water might be brought about by 
hydrolysis without cleavage of the molecule. If the native pro- 
tein is made up of a series of rings resembling diketopiperazine 
rings and then the rings are opened during the process of denatura- 
tion, water would be taken up and the percentage of nitrogen 
would decrease, as we have observed in our analyses. 


SUMMARY 


1. Denaturation of crystalline egg albumin by alkali, acid, or 
shaking results in a decrease in its percentage nitrogen. 

2. Edestan contains less nitrogen per mole than does edestin. 

3. The nitrogen removed from the protein during denaturation 
is insufficient to account for the observed effects. 

4. It is suggested that these effects are explainable by a hydroly- 
sis with direct addition of water to the protein molecule. 
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A STUDY OF SULFHEMOGLOBIN* 


By HARRY O. MICHEL 


(From the Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina) 


(Received for publication, May 27, 1938) 


The hemoglobin derivative produced by the action of hydrogen 
sulfide on oxyhemoglobin, now known as sulfhemoglobin, was 
first studied with the aid of the spectroscope by Hoppe-Seyler 
(1) who described the characteristic absorption band in the red 
region of the spectrum, slightly displaced toward the blue from 
the band for methemoglobin. The compound was named sulf- 
methemoglobin by Hoppe-Seyler, who found that it could not be 
formed in the absence of oxygen, nor could it be obtained in the 
crystalline state. Harnack (2) claimed to have prepared the 
compound in the absence of oxygen, but the experimental con- 
ditions described by him did not insure complete absence of air. 
Clarke and Hurtley (3) found that reducing agents such as 
sodium hydrosulfite or phenylhydrazine greatly catalyzed the 
formation of sulfhemoglobin from oxyhemoglobin and traces of 
hydrogen sulfide. They discovered also that carbon monoxide 
caused a shift in the absorption maximum of sulfhemoglobin of 
about 5 my toward the violet end of the spectrum. Haurowitz (4) 
attempted to prepare pure, crystalline sulfhemoglobin by treating 
horse oxyhemoglobin for a period of 1 week with hydrogen sulfide 
and air, but the analyses reported by him indicate that he did not 
obtain a pure product. Haurowitz did not believe that sulf- 
hemoglobin bound carbon monoxide, but that the shift in the 


* The data in this paper were taken from the thesis presented by Harry 
O. Michel to the Graduate School of Arts and Sciences of Duke University 
in May, 1938, in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy. A preliminary report was given before the Amer- 
ican Society of Biological Chemists at Baltimore, 1938 (Proc. Am. Soc. 
Biol. Chem., J. Biol. Chem., 123, p. Ixxxv (1938)). 
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absorption spectrum caused by this gas was due to the super- 
imposed spectra occurring in the complex solution of pigments 
obtained by treating oxyhemoglobin with hydrogen sulfide. 
Keilin (5) showed definitely that sulfhemoglobin is not a met- 
hemoglobin compound by preparing a compound of methemo- 
globin with hydrogen sulfide, which gave a spectrum entirely 
different from that of sulfhemoglobin. Drabkin and Austin (6) 
were able to deduce the spectrum of sulfhemoglobin from solu- 
tions of oxyhemoglobin partially converted to sulfhemoglobin. 
A fairly complete recent review of the chemical and clinical work 
done on sulfhemoglobin is given by Giordano and Vigliani (7). 

In view of the conflicting opinions in the literature with regard 
to the chemical mechanism of formation of sulfhemoglobin this 
problem was reinvestigated in general. In particular, experi- 
ments were designed in an attempt to establish the mechanism of 
formation and the stoichiometric relations of sulfur to iron in the 
sulfhemoglobin molecule, and to test the validity of the question- 
able carbon monoxide-sulfhemoglobin complex. This study also 
included further observations of the chemical and physical proper- 
ties of sulfhemoglobin. 


EXPERIMENTAL 


The quantitative determination of sulfhemoglobin was carried 
out by use of the spectrophotometer, according to the technique 
suggested by Williamson (8), Heilmeyer (9), and Drabkin and 
Austin (10) and with the extinction coefficients for hemoglobin 
and sulfhemoglobin given by Drabkin and Austin (6). This 
was supplemented by gasometric and iron analyses. Further 
details on quantitative measurements and methods of preparing 
pigments are given in the thesis by the author (11). 


Réle of Peroxides in Sulfhemoglobin Formation 


Crystalline dog hemoglobin was dissolved in 0.1 mM phosphate 
buffer, pH 7.4, to a concentration of 0.2 per cent. To 5 cc. of 
this solution were added about 20 mg. of NaeS.O,, after which 
only the absorption spectrum of reduced hemoglobin could be 
observed. To the solution was then added 1 drop of 0.1 m 
(NH,)2S. No change in the visible spectrum occurred. 1 drop of 
3 per cent hydrogen peroxide was finally added, giving instantly 
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a strong sulfhemoglobin band at 620 my. This experiment could 
be repeated at will with either dog or human hemoglobin. 

The above experiment was repeated with the substitution of 
1 mg. of sodium perborate for hydrogen peroxide, giving the same 
result. The spectrum was observed continuously during the 
addition of sodium perborate, and at no time did the spectrum of 
oxyhemoglobin appear. 

The effect of an old sample of benzoyl peroxide was tried and 
this caused the formation of a very weak sulfhemoglobin band. 

Hemoglobin was reduced with excess sodium hydrosulfite and 
then 1 mg. of sodium perborate was added. No change in the 
spectrum occurred. A drop of dilute ammonium sulfide was 
added to the solution, with the spectrum continuing to remain 
unchanged. Finally to this solution was added another mg. of 
sodium perborate. Sulfhemoglobin formed at once. 

To determine whether or not sodium hydrosulfite played a 
direct part in the peroxide effect, human hemoglobin in 0.2 per 
cent solution was deaerated in the Van Slyke manometric ap- 
paratus. A drop of 0.1 m (NH,)»S was added to the reduced 
hemoglobin with precautions to exclude air. This did not cause 
any change in the spectrum. Sodium perborate, dissolved in 
air-free water, was then added, bringing about a rapid formation 
of sulfhemoglobin. Clarke and Hurtley (3) showed that al- 
though dilute solutions of oxyhemoglobin and H,S form sulf- 
hemoglobin very slowly, the addition of sodium hydrosulfite 
or phenylhydrazine caused the immediate formation of sulf- 
hemoglobin. Van den Bergh and Wieringa (12) showed that no 
sulfhemoglobin is formed if sodium hydrosulfite is first added to 
oxyhemoglobin, followed by H,S. 

In an attempt to elucidate the NaS,O, effect, the following 
experiments were performed. Human oxyhemoglobin, 0.2 per 
cent solution buffered at pH 7.0 with phosphate, was reduced 
with a large excess of NasS.O,. To 5 cc. of this solution were 
added 2 mg. of KCN. A drop of (NH,).S, 0.1 m, produced no 
effect. The addition of 2 mg. of sodium perborate then produced 
sulfhemoglobin immediately. The experiment shows that po- 
tassium cyanide has no inhibiting effect on the formation of 
sulfhemoglobin. 

To a dilute oxyhemoglobin solution, prepared as described in 
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the preceding experiment, were added a few mg. of KCN. Then 
the minimum quantity of Na,S.O, necessary to cause the dis- 
appearance of the oxyhemoglobin absorption bands was added. 
Immediately following this a drop of dilute ammonium sulfide 
was introduced into the solution, resulting in the formation of a 
weak but plain sulfhemoglobin band. 

The above experiment was repeated with the omission of po- 
tassium cyanide. In this no sulfhemoglobin was formed. 

From these experiments one may conclude that in the presence 
of cyanide, sodium hydrosulfite reacts with oxyhemoglobin to 
form hydrogen peroxide and hemoglobin. The subsequent addi- 
tion of sulfide causes sulfhemoglobin to form. In the absence of 
cyanide, any peroxide which is formed is immediately decomposed 
by catalase, which is always present in hemoglobin solutions. 
Potassium cyanide poisons catalase and prevents the rapid 
destruction of peroxide. 

The following experiments were performed in an attempt to 
find, from the amount of sulfhemoglobin formed and the amount 
of HS oxidized, just how much H,S was used to form a given 
amount of sulfhemoglobin. 

The oxygen uptake was measured in the Warburg respirom- 
eter. Buffered oxyhemoglobin solution was placed in the main 
vessel and the sulfide solution was added from the side arm. In 
general, sulfide solutions were freshly prepared by bubbling H,S 
gas through 1 N or 0.1 N NaOH to the desired concentration. 
Fig. 1 shows the results of a typical experiment. 

Preliminary experiments showed that the oxidation of H,S in 
buffer solution alone in the region from pH 6 to 8 was very slow, 
increasing in rate with increase in pH. In the presence of oxy- 
hemoglobin, the oxygen uptake is very rapid, the rate of oxidation 
increasing with hemoglobin concentration and with temperature. 
With smaller quantities of oxyhemoglobin, the final oxygen up- 
take is greater, owing to the fact that less sulfhemoglobin is 
formed, leaving more sulfide available for oxidation. 

The total oxygen uptake shows that for every molecule of 
H.S oxidized to sulfur 1 molecule of oxygen is used up. 

In Fig. 1 is shown also the rate of formation of sulfhemoglobin 
plotted with the oxygen uptake curve. This experiment was 
' performed by setting up a series of Warburg vessels, all containing 
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the same concentrations of oxyhemoglobin and sulfide. At the 
intervals noted, the contents of one Warburg vessel were removed 
and diluted 100 times with half saturated (NH,).SO,. This 
procedure reduces the rate of formation of more sulfhemoglobin 
to a negligible quantity, and also yields, after filtration, a clear 
solution which may be read in the spectrophotometer. 


Effect of Various Orxidizing Agents on Sulfhemoglobin Formation 


Having found that sulfhemoglobin can be formed from reduced 
hemoglobin and sulfide by adding peroxides, the effect of other 
oxidizing reagents was studied. Beef hemoglobin, 0.2 per cent 
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Fic. 1. Rates of O; uptake and SHb formation. The Warburg vessel 
contained 0.011 mm of HbO, and 0.042 mm of Na,S. pH 7.4, 37°. 


in phosphate buffer of pH 7.4, was extracted in the Van Slyke 
apparatus until the oxyhemoglobin absorption bands disappeared. 
Air-free 1 per cent potassium sulfide was added, 0.3 cc. being used. 
No change in spectrum occurred. Then 1 cc. of air-free 0.3 per 
cent potassium ferricyanide was added. No sulfhemoglobin 
formed. In the presence of sulfide, no methemoglobin band 
forms at 634 my. After 2 hours there was still no sulfhemoglobin 
band visible. At this time, air was admitted, and sulfhemo- 
globin formed rapidly. The experiment was repeated, with air- 
free solutions of 8 per cent KCIO;, 0.1 Nn KMn0Q,, 1 per cent 
NaClO, and 0.1 per cent p-aminophenol each in place of ferri- 
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cyanide, but in no case was sulfhemoglobin formed. Hemo- 
globin prepared as above was reduced with excess sodium hydro- 
sulfite and then dilute potassium sulfide was added. To this 
solution were added several drops of saturated bromine water. 
No sulfhemoglobin formed. Finally on addition of 1 mg. of sodium 
perborate, sulfhemoglobin formed at once. The experiment 
demonstrates that of a large number of oxidizing reagents, only 
hydrogen peroxide, or substances yielding this substance in water, 
will cause the formation of sulfhemoglobin from reduced hemo- 
globin and sulfide. 
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Fic. 2. Effect of sulfide concentration upon the fraction of Hb con- 
verted toSHb. HbO, = 0.0118 m. pH 7.0, 25°. 





Effect of Sulfide Concentration on Sulfhemoglobin Formation 


In this experiment, varying amounts of sodium sulfide were 
added to a constant quantity of 0.012 m human oxyhemoglobin 
solution in a series of flasks. The solutions were buffered to pH 
7.0, and the stoppered flasks were shaken slowly for approxi- 
mately 30 minutes at 30°. The amount of sulfhemoglobin 
formed was then determined spectrophotometrically. The re- 
sults are shown in Fig. 2. The log of the sulfide concentration is 
used so that the points for small concentrations would not be 
crowded together. The sulfide concentration, which was varied, 
is divided by the oxyhemoglobin concentration. which was kept 
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constant, so that the zero point on the abscissa of this curve rep- 
resents an equimolecular solution of sulfide and oxyhemoglobin. 
Along the ordinate is plotted the ratio of the moles of sulfide 
required to give 1 mole of sulfhemoglobin, 1 mole being assumed 
for each heme iron. Fig. 2 shows that at low sulfide concentra- 
tions a theoretical ratio of 1 atom of sulfur for each atom of sulf- 
hemoglobin iron is approached. This is confirmed by the sulfur 
analyses as given in a subsequent part of this paper. With 
higher sulfide concentrations a greater ratio is indicated, owing to 
oxidation of a large part of the sulfide to elementary sulfur. 


Effect of pH on Formation of Sulfhemoglobin 


To 1 ce. portions of 8.1 per cent human oxyhemoglobin were 
added 0.5 ce. portions of MclIlvaine’s phosphate-citrate buffer, 
1 m, at pH 6.0, 7.0, and 8.0. To each of the vessels was then 
added 0.5 ec. of 0.013 m K,S, after which they were closed and 
shaken for 50 minutes at 37°. The solutions were then removed, 
diluted 100 times with half saturated ammonium sulfate, filtered, 
and read in the spectrophotometer. The solution at pH 6.0 
formed 20 per cent sulfhemoglobin, that at pH 7.0 formed 12 
per cent, and that at pH 8.0 formed 9 per cent. The experiment 
shows that other things being equal, the effect of increasing the 
pH is to decrease the amount of sulfhemoglobin formation. 


Effects of Some Reagents on Sulfhemoglobin and Its Formation 


A large number of qualitative experiments were carried out 
with sulfhemoglobin and on its formation in which most of the 
observations recorded in the literature were repeated, and some 
additional properties of the compound were noted. 

In conformity with older observations, it was found that other 
forms of sulfur, such as those occurring in thiourea, cystine, cys- 
teine, thioglycolic acid, sodium thiosulfate, sodium sulfite, and 
elementary sulfur, could not be substituted for sulfide sulfur in 
the formation of sulfhemoglobin. It was observed that 1 per 
cent formaldehyde did not prevent the formation of sulfhemo- 
globin and did not have any immediate action on it after forma- 
tion. Lead acetate and iodoacetate, which react with the —SH 
group, were without appreciable action on sulfhemoglobin. 

It was found that in the presence of a fairly large amount of 
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potassium cyanide, approximately 1 Mm, strongly buffered with 
phosphate to keep the pH below 8, oxidized sulfhemoglobin, 
upon being reduced with sodium hydrosulfite, gave rise to a new 
absorption band at 644 my, which could not be accounted for on 
the basis of any known hemoglobin derivative. When the solu- 
tion was stirred, so that it became saturated with oxygen, the 
typical band of sulfhemoglobin at 620 mu returned, replacing the 
band at 644 my. The compound is presumably a very unstable 
cyanide complex of reduced sulfhemoglobin, which only forms 
if a large amount of cyanide is present and easily reverts to 
sulfhemoglobin. 

In general these experiments present evidence that sulfhemo- 
globin can be formed only from soluble sulfides as the source of 
sulfur, and that the compound formed is not a sulfhydryl type, 
or at least not like any known sulfhydryl compound. 


Stability of Oxidized and Reduced Sulfhemoglobin 


If a solution containing a mixture of sulfhemoglobin and oxy- 
hemoglobin is permitted to stand in contact with air, at pH 7.0, 
either at 0° or room temperature, a brownish precipitate forms 
gradually. In the course of a week at room temperature, two- 
thirds of the pigment may be precipitated. The precipitate 
dissolves in dilute ammonium hydroxide and gives a typical 
denatured globin hemochromogen spectrum on reduction with 
sodium hydrosulfite. The iron content of the precipitate was 
found to be 0.30 per cent. 

In contrast to the fairly rapid decomposition of sulfhemoglobin 
in contact with oxygen, reduced sulfhemoglobin is very stable. 
A solution of human hemoglobin containing 60 per cent of the 
total pigment as sulfhemoglobin at pH 7.0 was kept reduced with 
excess sodium hydrosulfite and left at room temperature. After 
3 months there was no apparent decrease in the intensity of the 
sulfhemoglobin absorption band. This is in conformity with the 
clinical observations of the extreme stability of sulfhemoglobin 
in the blood as contrasted with other abnormal blood pigments. 


Alkaline Denaturation of Sulfhemoglobin 
In this experiment a study was made of the stabilities of the 
hemoglobins from two different species and of their corresponding 
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sulfhemoglobins, 0.05 n NaOH being used as a denaturing agent. 
In the usual method of measuring the rate of alkaline denatura- 
tion, as used extensively by Haurowitz (4), the oxygenated form 
of hemoglobin is used. The reaction proceeds in two steps, 
reduced hemochromogen being first formed, followed by a rapid 
oxidation to the oxidized form of the hemochromogen by the 
oxygen present in the solution. To avoid the necessity of meas- 
uring two simultaneously proceeding reactions, all solutions were 
reduced with excess sodium hydrosulfite. When reduced hemo- 
chromogen is formed, an intense absorption band appears at 
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Fia. 3. Rate of denaturation of human and beef Hb and SHb in 0.05 n 
NaOH, 25°. 


558.6 mu. By measuring the rate of increase of light absorption 
in the reduced alkaline hemoglobin solution with a spectropho- 
tometer, a measure of the rate of denaturation of hemoglobin was 
obtained. A similar procedure has been employed by Drabkin 
and Austin (13), who used dog hemoglobin and a lower alkalinity 
than employed here. 

Since sulfhemoglobin in alkaline solutions is converted to de- 
natured globin hemochromogen, with the disappearance of the 
characteristic absorption band at 620 my, a measure of the rate of 
denaturation of sulfhemoglobin was obtained by determining 
the decrease in light absorption at 620 my with the spectropho- 
tometer. 
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The rates of denaturation of human and beef hemoglobin and 
of their corresponding sulfhemoglobins in 0.05 n NaOH are shown 
in Fig. 3. The percentage decomposition was calculated on the 
basis of the fractions of the initial or final absorption remaining 
at any time. The results show that the resistance to alkaline 
denaturation of sulfhemoglobin is practically identical to that 
of the hemoglobin from which it was derived. 


Sulfhemoglobin from Hematoporphyrin 


In considering the nature of sulfhemoglobin, it is important to 
know whether the formation of this compound is a special prop- 
erty of protoporphyrin, the natural porphyrin occurring in hemo- 
globin, or whether it can be formed from artificial hemoglobins 
containing other porphyrins. 

The most readily obtainable porphyrin is hematoporphyrin, 
which never occurs naturally but may be easily obtained by the 
action of concentrated sulfuric acid on hemoglobin. The method 
described by Kaplan (14) was used for the preparation of hema- 
toporphyrin. 

Hill (15) has shown that an iron derivative of hematoporphyrin 
can be prepared, and Hill and Holden (16) have shown that the 
compound so produced will combine with native globin. 

Hematoheme was prepared by heating hematoporphyrin with 
iron filings in glacial acetic acid for 4 hours on the steam bath 
and then precipitating the compound by dilution with water. 
To be certain that a heme compound had been formed, the py- 
ridine hemochromogen was prepared by dissolving hematoheme 
in 40 per cent pyridine and reducing with sodium hydrosulfite. 
A typical hemochromogen spectrum was obtained, with bands at 
548 and 519 mu. 

Hematoheme was dissolved in dilute sodium carbonate and then 
added to native beef globin, buffered to pH 7.4 with phosphate 
buffer. The globin was prepared according to the method of 
Roche and Combette (17). It was found very difficult to prepare 
any appreciable amount of native globin from human or dog 
blood, but beef blood gave good yields. 

The hematohemoglobin, on being reduced by sodium hydro- 
sulfite, gave a single broad absorption band, very similar to re- 
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duced hemoglobin. After oxygenation of the solution, two bands 
appeared, similar to oxyhemoglobin, at 573 and 537 my. Upon 
addition of a few drops of saturated H,S water, and reduction 
with sodium hydrosulfite, an absorption band formed at 618 mu. 
The band was very poorly defined, but had the properties of a 
sulfhemoglobin band, being destroyed by alkali. The denatured 
globin hemochromogen from hematoporphyrin which formed in 
0.1 ns NaOH had absorption bands at 552and522my. The cor- 
responding bands for ordinary denatured globin hemochromogen 
are at 558 and 528 mu. 

On the basis of these results, it may be concluded that pro- 
toporphyrin possesses no special structure which is essential to 
the formation of sulfhemoglobin, and also that sulfhemoglobins 
may be prepared from reconstituted hemoglobins. 


Molecular Weight of Sulfhemoglobin 


The molecular weight of sulfhemoglobin was estimated by 
means of its osmotic pressure. An approximately 3 per cent 
solution of human oxyhemoglobin buffered to pH 6.7 gave an 
osmotic pressure by means of an osmometer corresponding to a 
molecular weight of 68,000. After conversion of the oxyhemo- 
globin to 83 per cent sulfhemoglobin, the average molecular weight 
was 66,000, indicating that no significant aggregation or dissocia- 
tion occurs when oxyhemoglobin is transformed to sulfhemoglobin. 


Solubility of Sulfhemoglobin 


Sulfhemoglobinemia was produced in rats by mixing powdered 
sulfur and phenacetin with their food. To twelve rats, averaging 
75 gm. in weight, were given 3 gm. of sulfur and 1 gm. of phen- 
acetin daily. After 5 days, one of the animals was killed and the 
blood diluted with 1 volume of water. To the diluted blood was 
added 4 volume of toluene, and the mixture was thoroughly 
shaken and placed in the refrigerator to allow crystallization to 
occur. 

The crystals and mother liquor were separated by centrifuga- 
tion, and, after the crystals were dissolved with the aid of sodium 
carbonate, both solutions were analyzed with the spectropho- 
tometer. By means of the hand spectroscope, a very plain sulf- 
hemoglobin absorption band could be seen. 
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In the crystals was found 5 per cent SHb and in the super- 
natant, 4 per cent, showing, within the experimental error, that 
the solubility of the sulfhemoglobin and oxyhemoglobin was 
approximately the same. The sulfhemoglobin-containing crystals 
were examined under the high power field of a microscope. The 
crystals were sharply defined, 4- and 5-sided, thin plates, all of 
which appeared to be of a single type indistinguishable from the 
normal hemoglobin crystals, making it unlikely that sulfhemo- 
globin had formed in separate crystals from oxyhemoglobin, but 
rather a solid solution had formed. 

Washed dog red blood cells were treated with H,S, washed again 
with physiological saline, and then hemolyzed by mixing with 
+ volume of toluene. After the mixture had stood in the cold 
for 24 hours, the crystals which had formed in very small amount 
were separated from the supernatant fluid, dissolved with the 
minimum quantity of sodium carbonate, and analyzed spectro- 
photometrically, as was the supernatant fluid. In the crystals 
23 per cent and in the supernatant 22 per cent sulfhemoglobin 
was found. 

Sulfhemoglobinemia was produced in a dog by giving daily 
doses of 1 gm. of powdered sulfur and 1 gm. of phenacetin mixed 
with ground beef. Crystals and supernatant fluid were obtained 
from the blood of this animal after 30 days of the above treatment, 
the procedure described above for rat blood being followed. 
Spectrophotometric analysis showed 8.5 per cent sulfhemoglobin 
in the crystals and 9 per cent in the supernatant fluid. 

As the solubilities of rat and dog oxyhemoglobins were found 
to be the same as the corresponding sulfhemoglobins, an attempt 
to separate dog sulfhemoglobin from reduced hemoglobin was 
made, since it is known that reduced dog hemoglobin is very much 
more soluble than the oxyhemoglobin from the same species. 

Crystalline dog oxyhemoglobin was converted partially to 
sulfhemoglobin (40 per cent) in the usual way. The total pig- 
ment concentration was 14 gm. per cent. Phosphate buffer, 
pH 6.7, was added to a concentration of 0.1 m. The solution was 
deaerated with an oil pump, and was left under nitrogen at 2°. 
No crystallization occurred during a period of 1 week. 

The separation of sulfhemoglobin from oxyhemoglobin was 
attempted by means of the salting-out procedure. Human oxy- 
hemoglobin containing 70 per cent sulfhemoglobin was half 
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saturated with ammonium sulfate and left overnight in the 
refrigerator. The salted-out protein and supernatant were 
separated by filtration and analyzed spectrophotometrically. 
The percentage of sulfhemoglobin in the total pigment of the solid 
and liquid phases was the same. 

The relative solubilities of reduced human hemoglobin and 
sulfhemoglobin were examined in strong phosphate buffer at 
pH 6.7. Reduction was brought about by addition of excess 
NaeS.O,. Phosphate buffer, 2.8 m, was added until precipitation 
commenced. The mixture was left for 8 hours at 25° in a stop- 
pered centrifuge tube. After centrifugation the ratio of sulf- 
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Fic. 4. Solubilities of beef HbO, and SHb in phosphate buffer, pH 7.0, 
25°. The concentration of SHb was 67 per cent of the total pigment. 


hemoglobin to total pigment in the supernatant fluid and pre- 
cipitate was found to be the same. 

The solubility of beef sulfhemoglobin and oxyhemoglobin was 
investigated at different concentrations of phosphate buffer. 
The results are shown in Fig. 4. These results show that under 
the conditions employed hemoglobin and sulfhemoglobin do not 
differ measurably with regard to their solubilities. 


Formation of CO-Sulfhemoglobin 


The formation of a carbon monoxide compound of sulfhemo- 
globin was first suggested by Clarke and Hurtley (3) who dis- 
covered that passing CO gas into solutions containing sulf- 
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hemoglobin caused a shift in the characteristic absorption band 
at 620 my, of approximately 5 to 7 mu, toward the violet end of the 
spectrum. On the basis of experiments performed by him, 
Haurowitz (4) denied the possible existence of a compound between 
CO and sulfhemoglobin. 

The shift in the spectrum of sulfhemoglobin which occurs when 
CO is passed into the solution of the pigment is shown in Fig. 5. 
The formation of a new compound is indicated by this shift, since 
it is not possible to construct any mixture of pigments which might 
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Fia. 5. Effect of CO on the absorption of SHb. The SHb represented 
64 per cent of the total pigment, pH 7.0. 


be present and would give the observed effect. The same shift 
in the spectrum is observed when mixtures of oxyhemoglobin and 
sulfhemoglobin are completely reduced with NaS.O, before 
addition of CO gas. 

Since no evidence of a gasometric study of the reaction between 
sulfhemoglobin and carbon monoxide could be found in the litera- 
ture, the reaction was studied gasometrically, with the Van Slyke 
manometric apparatus and the Warburg respirometer. 

In the Warburg procedure, sulfhemoglobin was freshly prepared 
from oxyhemoglobin which was mixed with sulfide in the closed 
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vessel and shaken until the oxygen uptake came to a stop. The 
vessels were then opened and acid ferricyanide was added to the 
side arm and 40 per cent KOH to the central inset vessel. The 
Warburg vessels were then saturated with air in those cases in 
which the oxygen capacity was being determined, and with CO 
for the carbon monoxide capacity. The addition of acid ferri- 
cyanide from the side arm releases oxygen from oxyhemoglobin 
and carbon monoxide from its combinations with hemoglobin 
and sulfhemoglobin and the amount of gas formed was determined 
manometrically. 


TaBie | 
Combination of SHb with Carbon Monoride 











| After partial conversion to SHb 
Original Hb | | | Extinetion 
binding COor | SHb, coefficient of 
“ | spectrophoto- Binding O: Binding CO* | ee bene 
| metric | | <a 
gm. per cent | per cent | gm. percent | gm. per cent 
15.9 68 | 6.0 12.2 1.55 
18.1 51 8.2 16.0 
17.7 oP eae ee 
16.0 si | 12.8 
18.2 87 | 10.8 | 
75 | 1.35 
30 1.86 





. Represents total intact Hb and SHb. 


The results of these gasometric analyses are shown in Table I. 
The hemochromogen absorption coefficients shown in Table I 
give a measure of the total amount of heme pigment left after 
oxyhemoglobin is partially converted to sulfhemoglobin. The 
absorption coefficient as used in this paper is defined as the nega- 
tive log of the fraction of light transmitted by a layer of solution 
1 em. in thickness and containing 0.1 per cent pigment. 

The possibility existed that the extra carbon monoxide capacity 
of the sulfhemoglobin solutions examined was due to hemochro- 
mogen which might have formed during the preparation of sulf- 
hemoglobin. However, at no time was there any spectroscopic 
evidence for the presence of hemochromogen in freshly prepared 
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solutions of sulfhemoglobin, after reduction with sodium hydro- 
sulfite. Owing to the great intensity and sharpness of the spec- 
trum of reduced hemochromogen, it is possible to detect very 
small amounts of this pigment in the presence of other pigments. 

In the absence of active reducing agents, such as NagS.O,, or 
alkaline sulfides, hemochromogen is oxidized by air practically 
instantaneously to its ferric state, in which form it does not bind 
CO. In the experiments with the Warburg respirometer no 
CO was added to the oxygenated solution of sulfhemoglobin until 
all the sulfide had been oxidized, so that any hemochromogen 
which might have been present would have been in the oxidized 
form and so incapable of combination with CO. 

The results indicate that probably 1 molecule of CO is bound 
for every atom of iron in reduced sulfhemoglobin. 


Cataphoresis of Sulfhemoglobin and Oxyhemoglobin 


The cataphoresis of sulfhemoglobin and oxyhemoglobin was 
carried out in a U-tube type of apparatus, with reversible copper- 
copper sulfate electrodes, according to the procedure described 
by Michaelis (18). An oxyhemoglobin solution containing 1.49 
gm. per cent total pigment, of which 81 per cent was sulfhemo- 
globin, was buffered to various pH values with 0.05 m phosphate 
buffer. At pH 6.8 no movement of pigment occurred in 4 hours. 
At pH 7.8 the pigment moved 3 cm. toward the anode in 6 hours. 

The pigment column was separated into four parts, Part 1 
being nearest the anode and Part 4 nearest the cathode. The 
ratio of sulfhemoglobin to total pigment was determined in each 
section by means of the spectrophotometer. The results were 
as follows: Part 1, 82 per cent of the total was sulfhemoglobin; 
Part 2, 84 per cent; Part 3, 80 per cent; Part 4, 83 per cent. 

From these results it is deduced that the isoelectric points and 
electrophoretic mobilities of sulfhemoglobin and oxyhemoglobin 
are not significantly different. 


Sulfur Content of Sulfhemoglobin 
The only quantitative data on the sulfur content of sulfhemo- 
globin are those reported by Haurowitz (4). The values obtained 
were very variable and quite high, making it appear unlikely that 
Haurowitz was working with a pure compound. 
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In various attempts to purify sulfhemoglobin it was found very 
difficult to separate extraneous sulfur by extraction or precipita- 
tion methods, so that excessively high sulfur values were obtained, 
similar to those found by Haurowitz. It was finally decided that 
cataphoresis offered the best possibility of accomplishing the 
purification of sulfhemoglobin. 

Good descriptions of the cataphoretic method are given in the 
works of Tiselius (19) and Theorell (20). However, in working 
with sulfhemoglobin a sufficient quantity of material must be 
obtained in the shortest time possible because of the instability 
of the compound in oxygenated solutions. The methods already 
described did not meet these requirements, so a procedure worked 
out by Dr. T. B. Coolidge' of this laboratory was tried out and 
found to be suitable.- With this apparatus a yield of over 1 gm. 
of total pigment could be obtained in about 12 hours. 

In order to dry the purified sulfhemoglobin with a minimum 
amount of denaturation the solution was placed in a porcelain 
dish, and a stream of air, which had been passed over calcium 
chloride, was blown over the surface. After 12 hours the pigment 
was sufficiently dried so that it could be ground to a fine powder 
ina mortar. Further drying was carried out in a desiccator over 
sulfuric acid. 

The sulfur was determined by fusing the sample in a micro- 
Parr bomb, precipitating the sulfate formed with barium, and 
weighing on the microbalance. 

The following averaged figures for total sulfur were obtained. 


Per cent 8 
Human HbO, 5 idibnchdiin<ohasi ... 0.614 (0.601-0.631) 
‘“«  SHb 38% + HbO, 62%..... . 0.700 (0.685-0.711) 
oe we Pe eee 0.717 (0.710-0.725) 
Extra sulfur due to sulfhemoglobin.... . 0.228 


1 sulfur atom per sulfhemoglobin iron atom requires 0.192% 8 


Labile Sulfur Split from Sulfhemoglobin by Bromine 
Hemoglobin solutions partially converted to sulfhemoglobin, 
and purified by cataphoresis, were saturated with bromine vapor, 
according to the method of Blumenthal and Clarke (21). After 
standing an hour, protein was precipitated with 20 per cent tri- 


' Coolidge, T. B., personal communication, to be published. 
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chloroacetic acid, and the solutions were filtered and analyzed 
for sulfate gravimetrically. By this treatment only a negligible 
quantity of sulfate was obtained from oxyhemoglobin. 

The labile sulfur found in three different samples is shown. 


Human SHb, per cent of total pigment Per cent S 
16 0.238 (0.220-0.255) 
42 0.272 (0.267-0.277) 
28 0.264 (0.254-0.281) 
Average amount of labile S.................. 0.258 
Expected, on basis of Fe:S = 1.............. 0.192 


From these results and from the analyses of the total sulfur in 
sulfhemoglobin it may be concluded that in the formation of 
sulfhemoglobin 1 atom of sulfur is introduced into the hemoglobin 
molecule for each iron atom, in a state which is easily oxidized 
to sulfate by bromine. 

Myosulfhemoglobin 

Beef muscle hemoglobin or myohemoglobin was prepared from 
fresh, lean beef according to the method described by Theorell 
(22) for beef heart. During the final stages of purification the 
myohemoglobin rapidly oxidized to the ferric form and was thus 
preserved and used in this state. 

When dilute hydrogen sulfide solution was added to a solution 
of myohemoglobin at pH 7.2 and followed by a little sodium 
hydrosulfite, myosulfhemoglobin formed at once, as indicated by 
the appearance of a strong absorption band at 617 to 618 mu. 

The addition of dilute potassium ferricyanide to myosulf- 
hemoglobin caused the instant disappearance of the band at 617 
my. Then the addition of a few crystals of Na,S.O, brought the 
band back at once to its original intensity. 

Owing to the rapid and reversible oxidation of myosulfhemo- 
globin, it was found possible to determine the approximate number 
of equivalents of oxidizing reagent necessary to convert sulf- 
hemoglobin to its ferric form. 

The solution of myosulfhemoglobin used in this experiment 
contained a small amount of oxymyohemoglobin, but this is 
readily oxidized by potassium ferricyanide, so that it does not 
interfere with the interpretation of the results. 

The total pigment concentration was determined by converting 
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all the hemoglobin derivatives to pyridine hemochromogen and 
reading in the spectrophotometer at \ = 525 mu, according to the 
procedure described by Drabkin and Austin (6). More recently, 
Drabkin (23) has applied this procedure to the determination of 
total pigment in mixtures containing sulfhemoglobin. The con- 
centration of pigment was 0.498 per cent or 0.30 mM. 

The myosulfhemoglobin solution was titrated with 0.01 m 
K;Fe(CN)., the end-point in the reaction being determined as 
that point at which further addition of ferricyanide caused no 
further decrease in absorption at 617 my. For 6.15 cc. of sulf- 
hemoglobin solution was required 0.15 cc. of 0.01 m KsFe(CN).. 

The absorption coefficient of the myosulfhemoglobin solution 
at the start of the titration was Es;; = 4.03 and at the end Egy, 
= 1.38. At the end of the titration excess sodium hydrosulfite 
was added to the solution to convert completely the oxidized 
myosulfhemoglobin back to the reduced form. The absorption 
coefficient was then found to be Ee; = 4.40, indicating that the 
myosulfhemoglobin was partially oxidized by atmospheric oxygen 
at the beginning of the titration. The titration result is corrected 
by the factor (4.40 — 1.38)/(4.03 — 1.38), giving the corrected 
titration value of 0.17 cc. of 0.01 m K;Fe(CN)s. Theoretically 
to oxidize 6.5 cc. of 0.30 mm sulfhemoglobin, assuming a ferrous- 
ferric couple, there would be required 0.195 cc. of 0.01 m K;Fe- 
(CN)s, which is sufficiently close to the experimental value. 

In agreement with Theorell (22) it was found that beef myo- 
hemoglobin is extremely stable toward alkali, being slowly de- 
natured over the course of 24 hours in 0.1 N NaOH. The inter- 
esting observation was made that myosulfhemoglobin was equally 
stable toward alkaline denaturation, and led to a study of the 
relative resistances of blood hemoglobin and sulfhemoglobin to 
the action of alkali, described above. 

The action of 1 per cent HgCl. was tested on a solution of 
myosulfhemoglobin. A few drops of mercury solution caused 
the band at 617myz to disappear. On addition of sodium hydro- 
sulfite to the solution the band at 617myu returned, suggesting that 
the action of mercuric chloride is one of oxidation. No formation 
of hemochromogen occurred, such as one obtains in the corre- 
sponding experiment with sulfhemoglobin from blood. 

The spectrum of myosulfhemoglobin is shown in Fig. 6. 
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The data obtained in this experiment indicate that a very stable 
myosulfhemoglobin can be formed and that the resulting com- 
pound can be reversibly oxidized. The spectrum shows that the 
absorption maximum of myosulfhemoglobin is shifted slightly 
toward the blue end of the spectrum as compared with that of 
blood sulfhemoglobin and is almost twice as intense. The ap- 
proximate specific absorption coefficient of myosulfhemoglobin 
is Egz = 1.03 and for blood sulfhemoglobin Ee = 0.64. The 
broken line curve in Fig. 6 shows the effect produced by CO on 
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Fie. 6. Spectra of myosulfhemoglobin and its CO compound. The 
concentration of the total pigment was 1.36 gm. per cent, pH 7.0. 





the spectrum of myosulfhemoglobin. It can be seen that CO 
causes a slight shift toward the blue in the maximum at 617 my. 
The two new maxima at 540 and 579 my indicate the slight con- 
tamination of myosulfhemoglobin with myohemoglobin. 


DISCUSSION 


From the results shown in Fig. 2 it can be seen that sulfhemo- 
globin involves 1 atom of sulfide sulfur for each Fe atom of sulf- 
hemoglobin produced. Fig. 2 shows that when a large excess of 
sulfide is used, most of it is oxidized. With a molar ratio of sul- 
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fide to oxyhemoglobin of 1, only one-third of the theoretically 
possible sulfhemoglobin is formed. By reducing the sulfide con- 
centration to a low value the theoretical ratio is approached but 
never attained, owing to the fact that there is always a small 
fraction of the sulfide oxidized and also because it is experimen- 
tally impossible to determine with any accuracy the very small 
amounts of sulfhemoglobin which are formed. 

The experiments in which sulfate was formed on treating sulf- 
hemoglobin with bromine confirm the results described in the pre- 
ceding paragraph. It was found that hemoglobin does not give 
sulfate on being treated with bromine. This was to be expected 
since Blumenthal and Clarke (21) have shown that cystine, cys- 
teine, and methionine, which apparently account for all the sulfur 
in hemoglobin, do not yield sulfate on bromine oxidation. These 
workers found, however, that such compounds as thiourea, thio- 
amides, and thiolhistidine do give sulfate when oxidized with 
bromine. It is not to be expected that any stable mercaptan type 
of bonding would occur upon treating a solution of oxyhemo- 
globin with sulfide at room temperature, but rather a relatively 
unstable type of linkage which would be susceptible to bromine 
oxidation such as was found experimentally. The formation of 
methylene blue, which involves the linking of 2 molecules of p- 
aminodimethylaniline by hydrogen sulfide in the presence of ferric 
chloride to form a thiazine ring, is a well known type of reaction 
to which the reaction to form sulfhemoglobin might be related. 

It is less reliable to draw conclusions from the results of the total 
sulfur content in hemoglobin before and after partial conversion 
to sulfhemoglobin, the theoretical increase in the sulfur content 
being in these experiments of the order of less than 0.1 per cent. 
However, it was found that in the purest samples of sulfhemo- 
globin obtained by cataphoresis, the increase in sulfur content 
due to the formation of sulfhemoglobin corresponded closely to 
1 sulfur atom for each atom of iron. 

With few exceptions the workers in this field have shown that 
sulfhemoglobin can be formed from hemoglobin and sulfide 
only in the presence of oxygen. Clarke and Hurtley (3) ob- 
served that the addition of a reducing agent to oxyhemoglobin and 
a trace of sulfide greatly catalyze the formation of sulfhemo- 
globin. This apparently anomalous result, which has been con- 
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firmed by other workers, and also in these experiments, seems 
inexplicable at first sight, because it leads to the conclusion that 
the formation of reduced hemoglobin speeds the formation of 
sulfhemoglobin, whereas it has been definitely shown that sulfide 
has no action on reduced hemoglobin. 

All the known facts regarding the formation of sulfhemoglobin 
are correlated by introducing hydrogen peroxide as a necessary 
component in the reaction. The most active catalyst for the 
formation of sulfhemoglobin from oxyhemoglobin and sulfide is 
sodium hydrosulfite. This compound also reacts faster with 
molecular oxygen to form hydrogen peroxide as one of its products 
than most other reducing agents, as stated by Mellor (24) and 
others. Phenylhydrazine also reacts quite rapidly with oxygen, 
very probably forming hydrogen peroxide as a product. It also 
catalyzes the formation of sulfhemoglobin. 

The data on the oxidation of sulfide by oxygen in the presence 
of hemoglobin indicate the involvement of hydrogen peroxide. 
The oxygen uptake, when relatively small amounts of oxyhemo- 
globin were used, corresponded to 1 mole of oxygen for each mole 
of sulfide used. This corresponds to the oxidation of the sulfide 
to elementary sulfur with the formation of hydrogen peroxide. 
In the absence of hemoglobin the oxidation of hydrogen sulfide 
to sulfur is very slow. The oxidation of hydrogen sulfide by 
oxyhemoglobin and the subsequent formation of sulfhemoglobin 
can be represented by the following equations. 


HbO, + H.S = Hb + S + H,0, 
Hb + H.S + H,0, = SHb + unknown products 


Only a small part of the hydrogen peroxide can conceivably be 
utilized in the formation of sulfhemoglobin. The remainder must 
be dissipated by directly attacking the globin or heme of hemo- 
globin. That this can occur with hemoglobin has been shown by 
Keilin (25) and Bingold (26) if the catalase is destroyed by heat 
or imhibited by cyanide or sulfide ion. Evidence for the destruc- 
tion of heme pigment on conversion of hemoglobin to sulfhemo- 
globin is shown in Table I. The total pigment which was con- 
vertible to denatured globin hemochromogen had been decreased 
by 4 per cent in a solution containing 30 per cent sulfhemoglobin, 
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but in a solution containing 75 per cent of the total pigment as 
sulfhemoglobin formed by using a large excess of H»S and thus 
presumably involving a large amount of hydrogen peroxide, the 
destruction of heme pigment amounted to 30 per cent. 

In sulfhemoglobinemia, there isa great deal of evidence in- 
dicating that acetanilide or related derivatives are very important 
or necessary factors along with an intestinal condition which is 
conducive to the production of hydrogen sulfide. In the absence 
of these drugs, or similar factors, hydrogen sulfide rarely, if ever, 
has been shown to produce sulfhemoglobin in the intact animal. 
It has been shown by Michel, Bernheim, and Bernheim (27) that 
p-aminophenol is readily produced in tissues from acetanilide. 
In vitro acetanilide or aniline does not catalyze the formation of 
sulfhemoglobin from oxyhemoglobin and sulfide. Ivens and van 
Vollenhoven (28) have shown that p-aminophenol does bring 
about this catalysis. Since p-aminophenol is fairly rapidly 
autoxidizable to a quinone form with the probable formation of 
hydrogen peroxide as a result of its reaction with oxygen, it is 
very likely that it catalyzes the formation of sulfhemoglobin by 
causing the production of hydrogen peroxide. 

The formation of sulfhemoglobin does not involve any detect- 
able change in the globin, or protein part of the hemoglobin mole- 
cule. The rates of alkaline denaturhtion of human and beef 
hemoglobin, which differ greatly, remain unchanged on conver- 
sion of these compounds to their corresponding sulfhemoglobins. 
Since it is the globin part of the hemoglobin molecule which de- 
termines the alkaline denaturation rate, these experiments indicate 
that apparently no important change in the globin has occurred. 

From the solubility measurements it can be seen also that no 
major change in the hemoglobin molecule takes place upon con- 
version to sulfhemoglobin. 

The cataphoretic measurements and the molecular weight 
determination show that no aggregation or dissociation has oc- 
curred. 

Apparently no special porphyrin is necessary for the formation 
of sulfhemoglobin, since hemoglobins prepared from protopor- 
phyrin and hematoporphyrin both gave absorption bands in the 
region of 620 muy, having the properties ascribed to sulfhemoglobin. 

In forming sulfhemoglobin from hemoglobin there is no irrevers- 
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ible change in the heme. This is shown by the fact that hemo- 
chromogens may be prepared from sulfhemoglobin which do not 
appear to differ from the corresponding compounds prepared from 
hemoglobin. List (29) showed that the porphyrin obtained 
from sulfhemoglobin was spectroscopically identical with pro- 
toporphyrin obtained from hemin or hemoglobin. 

The sulfhemoglobin derivative of myohemoglobin was prepared 
very easily, giving an absorption band at 618 my which had almost 
double the intensity of the corresponding band in blood sulf- 
hemoglobin. Theorell (20) has pointed out that the molecular 
weight of muscle hemoglobin is only half that of blood hemoglobin, 
so that each molecule contains only two heme groups, the iron 
content being the same as in blood hemoglobin. The formation 
of myosulfhemoglobin indicates that the four-heme structure 
possessed by blood hemoglobin is not a necessary factor in the 
formation of sulfhemoglobin. 

One of the interesting difficulties encountered in working with 
sulfhemoglobin was the failure to convert completely hemoglobin 
to sulfhemoglobin when the compound was treated with an excess 
of sulfide. This fact seems to indicate that an equilibrium is 
reached. However, this is unlikely, because it is impossible to 
reconvert sulfhemoglobin to hemoglobin either by exposing it to 
a vacuum for several days or by prolonged dialysis. The answer 
apparently resides in the complexity of the reaction involving 
hydrogen peroxide. In order to get a good yield of sulfhemo- 
globin just the proper amount of hydrogen peroxide must be 
formed, and most of this must presumably be used in forming 
sulfhemoglobin. If an excessive amount of peroxide is formed, it 
will directly attack the pigment, causing some heme destruction. 
Also it will oxidize hemoglobin to methemoglobin, with which it 
combines to form a very slightly dissociated compound having a 
spectrum qualitatively similar to that of oxyhemoglobin. 

From the major change which occurs in the visible spectrum on 
conversion of oxyhemoglobin to sulfhemoglobin it seems that the 
heme iron must be involved. Major changes in the globin, in- 
volving marked differences in composition and in resistance to 
denaturation, as shown by human and beef hemoglobin, do not 
cause any detectable differences in the absorption spectra of the 
oxyhemoglobin compounds. However, any change involving the 
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heme iron in any hemoglobin compound results in a marked 
change in the absorption spectrum, such as the change from the 
reduced to the oxygenated form. 

The formation of a carbon monoxide compound of sulfhemo- 
globin indicates that the sulfur cannot occupy the place normally 
occupied by oxygen or carbon monoxide. The gasometric de- 
terminations of the carbon monoxitle capacity of sulfhemoglobin 
indicate that slightly less than 1 mole of carbon monoxide is found 
for each iron atom, but this can be correlated with the fact that 
pigment destruction had occurred, as shown by the absorption 
coefficients of the denatured globin hemochromogens from the 
corresponding sulfhemoglobin solutions being diminished below 
that for the original hemoglobin. 

From the evidence it seems possible that the formation of sulf- 
hemoglobin may involve the globin heme linkage, which has never 
been definitely explained but is apparently through the iron. 
The instability of the oxidized form of sulfhemoglobin would prob- 
ably support this hypothesis. A clearer insight to this question 
will probably have to involve newer approaches, such as the mag- 
netic method used by Coryell, Stitt, and Pauling (30) in working 
out the structures of hemoglobin and some of its derivatives. 


SUMMARY 


1. Sulfhemoglobin is formed from hemoglobin and in the pres- 
ence of any soluble inorganic sulfide by the action of hydrogen 
peroxide. 

2. Hydrogen sulfide is catalytically oxidized by oxygen in the 
presence of hemoglobin to sulfur and hydrogen peroxide. 

3. The heme of hemoglobin is not irreversibly changed by the 
formation of sulfhemoglobin. 

4. The solubility, resistance to alkali, molecular weight, and 
cataphoretic mobility of hemoglobin and its corresponding sulf- 
hemoglobin are the same. 

5. Sulfhemoglobin forms a compound with CO. 

6. 1 atom of sulfur for each atom of hemoglobin iron is neces- 
sary in the conversion of hemoglobin to sulfhemoglobin. Sulf- 
hemoglobin contains 1 atom of labile sulfur, which is not in the 
form of a free sulfhydryl group. 

7. Reduced sulfhemoglobin is very stable, but the oxidized form 
is unstable. 
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8. A sulfhemoglobin can be formed from muscle hemoglobin. 
Its stability, properties, and CO compound are described. | 


The author wishes to acknowledge his appreciation of the aid 
and advice of Dr. William A. Perlzweig and of Dr. Thomas B. 


Coolidge. 
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The thermoelectric method, as devised by Hill (1), is a dynamic 
method of comparing the vapor pressure or the activity of the 
water of two solutions. The apparatus consists essentially of a 
symmetrically wound thermopile of 50 to 70 junctions which is so 
designed that two filter papers, one moistened with the sample 
and the other with a standard or reference salt solution, may be 
placed on opposite sides of the thermopile in contact with the 
two rows of thermojunctions. A difference in the rate of evapo- 
ration from (or condensation on) the two solutions resultsin a 
difference in temperature of the two rows of junctions and hence 
a deflection of the galvanometer to which the thermopile is 
connected. 

In Baldes’ modification of the thermoelectric method ((2, 3) 
and unpublished data), a sensitive thermocouple replaces the 
thermopile and, because of the simplicity of construction and 
greater efficiency of the thermocouple, this paper will deal chiefly 
with the modified method. This method has been used to deter- 
mine the vapor pressure of biologic fluids (4, 5) and the molecular 
weight of inulin (6). The apparatus consists of two thermo- 
couples (permitting duplicate determinations) placed at right 
angles to each other, the thermojunctions being made in the form 
of loops and insulated with a bakelite lacquer. The thermo- 


* This paper is taken from a thesis submitted by Raymond R. Roepke 
to the Faculty of the Graduate School of the University of Minnesota in 
partial fulfilment of the requirements for the degree of Doctor of Phil- 
osophy, March, 1938. 

t Fellow in Biophysics. 
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couples, which are connected to a sensitive galvanometer through 
double pole, double throw switches, are enclosed in an air-tight 
chamber and placed in a water bath. The method consists in 
measuring the deflection of the galvanometer obtained by placing 
a drop of the sample, for example, blood, on one junction of a 
thermocouple and a drop of a reference salt solution on the op- 
posite junction, the inner surface of the chamber being lined with 
filter paper moistened with the reference solution. The de- 
flection of the galvanometer is taken as a measure of the difference 
in vapor pressure between the blood and the reference solution 
and is calibrated by placing solutions of known concentrations 
on opposite junctions of the thermocouple. In order to eliminate 
errors resulting from asymmetry of the moist chamber and from 
parasitic E.M.F.’s in the circuit, the measurement is repeated with 
solutions reversed on the thermocouple, the average of the two 
deflections being taken as a measure of the difference in vapor 
pressure of the two solutions. Since it is most convenient to 
express the results in terms of the concentration of the reference 
solute and since the vapor pressure as well as the activity of the 
water in the solution varies inversely as the concentration of 
solute, it is sometimes convenient to use the term ‘‘osmotic pres- 
sure.”” It is to be understood, however, that by osmotic pressure 
is meant a measure of the activity of the water in the solution and 
that two solutions in which the water has the same activity and 
hence the same vapor pressure are considered as having the same 
osmotic pressure. Thus a solution with an osmotic pressure of 
10 mm NaCl is one in which the activity of the water or the vapor 
pressure is equivalent to that of a solution containing 10 mm of 
NaCl per kilo of water. 

Culbert, McCune, and Weech (7) attempted to show that the 
thermoelectric method gave correct values for the vapor pressure 
of serum by making measurements of the vapor pressure (with 
the thermopile) on 53 samples of human serum and comparing 
with the equivalent vapor pressure as calculated from the con- 
centrations of total base, non-protein nitrogen, and protein. By 
statistical treatment of their results, they were able to conclude 
that the rate of evaporation of serum was directly proportional 
to the difference between the vapor pressure of the serum and 
that of the solution on the walls of the chamber. They could 
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not show, however, that the constant of proportionality was the 
same for serum as for the reference solution. That is, their 
procedure does not eliminate the possibility of a constant error 
due, for example, to surface films. 

In considering the errors inherent in the thermoelectric method 
we might list the following possibilities: (1) surface films, (2) 
difference in coefficient of diffusion of water in the sample from 
that in the reference solution, (3) greater non-solvent volume in 
the sample than in the reference solution, (4) difference in the 
shape of drops, owing to difference in surface tension, (5) differ- 
ence in heat of condensation, (6) thermochemical reactions in the 
sample, and (7) the presence of volatile solutes. 

In determining the vapor pressure or osmotic pressure of bio- 
logic fluids, the apparatus is usually calibrated by placing a drop 
of 171.1 mm NaCl (1.0 gm. of NaCl per 100 gm. of H,O) on one 
junction of a thermocouple with 154.0 mm NaCl (0.9 gm. of NaCl 
per 100 gm. of H,O) on the opposite junction and on the walls of 
the chamber. At the steady state, water will be condensing on 
the drop of 171.1 mm NaCl at a rate such that the heat of con- 
densation is equal to the heat lost from the drop by conduction, 
radiation, and convection. The water which condenses on the 
drop passes through the surface, diluting the surface layer and 
thence diffusing inward to dilute the entire drop. Thus there 
will be a concentration gradient in the drop which will depend on 
the rate of condensation and on the coefficient of diffusion of water 
in the solution. If the drop of 171.1 mm NaCl is replaced with a 
drop of blood, which is isosmotic with 171.1 mm NaCl, one may 
expect the deflection of the galvanometer to be appreciably less 
if surface films of proteins or lipids interfere with the passage of 
water through the surface or if the coefficient of diffusion of water 
in blood is less than that in the solution of NaCl. Also, since 
the drop of the solution having the higher osmotic pressure is 
being constantly diluted, a drop of blood may be expected to 
show a greater decrease in osmotic pressure than that of the 
reference solution, since the blood contains a greater amount of 
non-solvent material. It is assumed, of course, that the time 
allowed for equilibration of the sample is the same as that allowed 
for the reference solutions used in calibrating the galvanometer 
deflection. 
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A drop of salt solution is held on the loops of the thermocouple 
in a nearly spherical form while a drop of blood or cells, owing to 
its lower surface tension and greater density, tends to flatten out 
and may completely surround the thermojunction. If the lower 
portion of the junction remains uncovered, as appears to be the 
case with drops of salt solution, the junction may not be main- 
tained at the same temperature as that of the drops, owing to 
loss of heat from the uncovered portion of the junction. Thus, 
if a drop of the sample entirely surrounds the junction, the de- 
flection may be greater than that obtained with the isosmotic 
reference solution. If the thermocouples are used with blood or 
serum for a period of a week or more, the units become coated 
with protein or lipid material and the drops spread or “‘creep”’ a 
considerable distance along the stem. In order to prevent this 
it has been found desirable to cover the units with a thin coat of 
paraffin by applying a saturated solution of paraffin in ether with 
a small brush. However, this does not eliminate the possibility 
of error due to difference in surface tension. 

Although it need not be considered in the usual determination 
of the vapor pressure of dilute solutions, a difference between the 
heat of condensation of the sample and the reference solution may 
warrant consideration in some applications of the thermoelectric 
method, perhaps in a study of concentrated solutions, in which 
case the heat of dilution may amount to an appreciable fraction 
of the heat of condensation. Other conditions being equal, the 
greater the heat of condensation, the greater will be the deflection 
of the galvanometer. 

These five possible sources of error are those due to the dynamic 
nature of the method. Thus we can evaluate the error due to 
the combination of these factors by comparing the osmotic pres- 
sure of the sample, for example, blood, against that of the refer- 
ence solution, first under nearly static conditions and then under 
dynamic conditions. In the usual procedure of determining 
osmotic pressure, the blood is placed on one loop of each pair of 
thermocouples and a reference solution on the opposite loops and 
on the walls of the chamber. That is, the solution on the walls 
is always isosmotic with the reference solution with which the 
sample is being compared. Thus if the osmotic pressure of the 
blood differs by 17.1 mm NaCl from that of the reference solution, 
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the blood on one loop of a thermocouple will differ in osmotic 
pressure by 17.1 mm NaCl from the solution on the walls of the 
chamber and on two loops of the same thermocouple unit; that 
is, the drop of reference solution on the opposite loop of the same 
couple and on one loop of the adjacent couple. In determining 
the error due to surface films, and so forth, this condition is 
approximated very closely by placing on the loops of one thermo- 
couple drops of the same solution that is on the walls of the cham- 
ber, on one loop of the adjacent thermocouple, a drop of the blood, 
and on the opposite loop, a reference solution that is isosmotic 
with the blood. If under these conditions the deflection of the 
galvanometer is zero when the solution on the walls is the same 
as that on the loop opposite the drop of blood, water is neither 
evaporating from nor condensing on the blood (assuming that 
there are no volatile solutes or thermochemical reactions oc- 
curring in the blood); hence there could be no error due to any one 
of the five factors which have been mentioned. If the solution 
on the walls of the chamber (and on the two adjacent loops) 
then is replaced with water, water will evaporate from the walls 
and from the adjacent loops and condense on the blood and the 
isosmotic salt solution. If, as a result of the factors that have 
been listed, the temperature of the junction supporting the blood 
is not increased (above the temperature of the bath) to the same 
extent as that of the opposite junction, the galvanometer will be 
deflected in the direction which indicates that the blood has an 
osmotic pressure less than that of the isosmotic salt solution. If, 
on the other hand,the solution on the walls and the adjacent loops 
is replaced with a hypertonic solution, water will evaporate from 
the blood and the isosmotic salt solution and, as a result of the 
same factors, the temperature of the junction supporting the 
blood will not be decreased to the same extent as that of the op- 
posite junction, the blood appearing to have an osmotic pressure 
higher than that of the salt solution. In this manner one can 
determine the error due to the combination of the first five factors 
that have been listed under various experimental conditions. 

Since the thermocouple cannot distinguish between heat of 
reaction and heat of condensation, the occurrence of exothermic 
reactions in the sample will result in too high a value for the os- 
motic pressure. Endothermic reactions would result in an error 
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in the opposite direction. Meyerhof (8) has shown by means 
of a calorimetric method that the production of heat in mamma- 
lian blood occurs chiefly if not entirely within the cells. Thus it 
should be possible to obtain some idea of the error due to heat 
production in blood cells by comparing the osmotic pressure of 
the serum against that of the intact, centrifuged cells. This was 
done by Bateman (9) with a thermopile, with human blood equili- 
brated with 5 per cent CO,. The average of five determinations 
indicated that the osmotic pressure of the cells was less than that 
of the serum by 0.8 mm NaCl, a difference which is opposite from 
that which should be obtained if the heat production in the cells 
were greater than that in the serum. It has been deemed ad- 
visable to repeat Bateman’s work by using the modified method 
and blood of various species. 

If the sample contains a volatile solute, its apparent vapor 
pressure will be too high unless the solute is in equilibrium with 
its vapor in the chamber. In normal blood, the only volatile 
solutes present to any extent are the gases. Margaria (10) has 
shown that the osmotic pressure of whole blood is from 4 to 6 per 
cent less in air than in 5 per cent CO, (the approximate CO, 
tension of arterial blood). However, the deflection of the gal- 
vanometer is constant within 30 minutes (except for slight varia- 
tions due, most likely, to temperature changes in the bath); 
hence it is only necessary to make corrections for the amount of 
CO, dissolved in the reference solution. This was calculated by 
Culbert (11) to amount to an equivalent of 0.6 mm NaCl in a 
chamber containing 5 per cent CO.. The effect of volatile solutes 
will not be considered further although it must be kept in mind 
when considering various applications of the thermoelectric 


method. 


EXPERIMENTAL 


The error involved in determining the osmotic pressure of blood 
cells under dynamic conditions was determined according to the 
procedure that has been outlined. Since the percentage of error 
appears to be the same whether the solution on the walls is hypo- 
tonic or hypertonic, it can be evaluated by determining the de- 
flection of the galvanometer’ obtained by comparing the cells 
against a nearly isosmotic NaCl solution (usually 154 mm NaCl) 
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on one thermocouple of a double unit, first with water on the walls 
(and on the adjacent loops of the same unit), then with 308 
mM NaCl on the walls, and, in order to correct for changes in 
osmotic pressure of the cells with time, the deflection is again 
determined with water on the walls. The average difference 
between the deflections obtained with water and 308 mm NaCl on 
the walls is multiplied by the calibration factor and by 100 and 
divided by 308 in order to express the error as per cent of the 
difference in osmotic pressure between the cells and the solution 
on the walls of the chamber. This procedure was followed in 
obtaining the values given in Table I, except those given for 
Samples 31 and 43. The value given for Sample 31 and the 
first series of values given for Sample 43 were obtained by com- 
paring the deflections given with 154 mm NaCl and then with 
water on the walls and adjacent loops; and the second series of 
values, by placing 308 mm NaCl and then 154 mm NaCl on the 
walls and adjacent loops (corrections being made for change 
in osmotic pressure of the cells with time). The cells were 
obtained by centrifugation at about 3000 r.p.m. for 20 to 40 
minutes except for Sample 99 which was centrifuged for 80 
minutes. Hemolysis of the cells was obtained by freezing and 
thawing. The results obtained with a sample of egg yolk are 
also included in TableI. Positive values signify that the differ- 
ence in osmotic pressure is greater than that indicated by the de- 
flection of the galvanometer, that is that the deflection is too 
low; negative values indicate the reverse. 

The error introduced by heat production within the blood cell 
was evaluated by comparing the osmotic pressure of the serum 
against that of the intact, centrifuged cells. Since it is difficult 
to maintain a definite CO, tension during separation of the cells, 
it was deemed advisable to equilibrate the blood with air before 
centrifugation and make the comparison in a chamber containing 
air. The results obtained with blood of various species are shown 
in Table II. 


Comment 


As indicated in Table I, the error due to surface films, differ- 
ence in coefficient of diffusion of water, and so forth, would be a 
negligible fraction of the total osmotic pressure of even such 
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viscous mixtures as centrifuged blood cells or egg yolk if the 
determination were made by comparing the sample against an 
approximately isosmotic reference solution. If the osmotic 
pressure of a sample of blood cells differed from that of the refer- 


TaBLe I 


Error in Determination of Difference in Osmotic Pressure between Blood 
Cells and a Reference NaCl Solution* 





























Somote Kind of blood cells en = = Average 
at | Bt | ct | Dt | 

31 Horse, intact 1.51 1.5 

43 Dog, intact 1.7 2.1| 2.0| 1.2) 1.75 

“oo 1.0] 2.6] 27] 2.7), 3% 

99 ae ae 3.1) 3.1] 1.3) 32.3) 1.9% 

‘*  hemolyzedt —0.1 | —0.7 | —0.4 | —0.7| —0.5 

98 Human, hemolyzed 0.4 1.2 1.1 | 1.1] 0.95 

77§ Sheep, intact ae: BS 

93 - ” 1.1 y 0.85 

. hemolyzed 1.1 1.0 0.1 0.73 

93§ <5 intact 1.0 2.2) 1.6 

«  hemolyzed 1.9 1.3 | | 1.6 

100 ” intact 1.0 1.1 10); 1.6) l.ly 

‘s hemolyzed 0.6 0.3 0.3 | 0.7 0.5 

Egg yolk 0.5} 0.1] 0.7| 1.0) 0.6 

Average, intact cells...................... > ee 1.53 

Tibia gtb dd vodvcdh db soveserce' 0.95 





* The solution on the walls of the chamber was isosmotic with the 


reference solution. 
+ A, B, and C refer to the values obtained with the units in the large 
moist chamber, while D refers to those obtained with the small, individual 


chamber type of unit. 
t A considerable amount of hemoglobin crystallized following hemolysis 


of cells; not included in the average. 
§ Cells washed three times with 9.5 per cent sucrose. 


ence solution by 10 per cent, the osmotic pressure as determined 
with the thermocouple would be in error by less than 0.2 per cent 
(assuming that the solution on the walls is isosmotic with the 
reference solution). The error might be of significance, however, 
if one wished to measure as accurately as possible the difference 
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in osmotic pressure between a sample of cells and the same sample 
to which had been added a definite amount of solute. In the 
case of intact blood cells, the deflection of the galvanometer would 
be too low by 1.5; per cent (average of the values given in Table 
I) and the corrected deflection could be obtained by dividing the 
measured deflection by 0.984; or multiplying by 1.0155. In the 
case of whole blood or serum the error is too small to be deter- 
mined accurately but amounts to less than 0.4 per cent and prob- 


TaBLe II 


Apparent Difference in Osmotic Pressure between Serum and Centrifuged 
Cells of Blood Equilibrated with Air 

















Sample No. | Kind of blood ees ~~~ ee 
| ma NaCl per kg. HO 

36 | Dog 0.7 

71 “ | 1.2 

41 Human 1.7 

72 wo 0.7 

= 1.0f 

81 “ 1.2 

oe 1.5t 

42 Horse 0.7 

44 ” 0.2 

45 Rabbit 1.9 

46 - 3.6 

50 ~ 1.4 

53 Chicken 1.2 

Pe is4 Sivas (0d. 216s. i Re | 1.3 








* Osmotic pressure of intact cells minus osmotic pressure of serum. 
t Cells washed with 0.9 per cent NaCl and supernatant wash fluid com- 
pared against washed cells. 


ably to less than 0.2 per cent. With intact, centrifuged cells 
the error appears to be slightly greater than with the same cells 
hemolyzed, although it is not unduly large even with closely 
packed cells such as Sample 99, in which case the centrifuged 
cells were transparent. There appeared to be no measurable 
difference between the results obtained with the paraffined ther- 
mocouple units and those obtained with the untreated units. 

As shown by the results given in Table II, the osmotic pressure 
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of intact, centrifuged blood cells appears to be consistently greater 
than that of the corresponding serum, owing, apparently, to 
heat production within the cells. While the error is relatively 
small in the case of blood cells, with the exception perhaps of 
rabbit cells, it is appreciable in the case of tissue cells which have 
a high metabolic rate. Although there does not appear to be a 
practical way to eliminate the error due to exothermic reactions 
or to determine exactly the amount of error in all cases, the error 
may be reduced appreciably by making the determination at a 
lower temperature (reducing the rate of heat production) and 
under reduced pressure (reducing the error due to a definite rate 
of heat production by increasing the rate of diffusion of water 
between the solutions in the chamber). Although such a pro- 
cedure would not permit accurate determination of the osmotic 
pressure of tissue cells, it might be possible to measure fairly 
accurately the difference in osmotic pressure between two samples 
of tissue which have approximately the same rate of heat pro- 
duction. The value for the osmotic pressure of ground muscle 
tissue as determined with the thermocouple at 0° corresponds 
to 5.0 to 9.0 mm NaCl less than that obtained when the determin- 
ation is made at 25° and is further reduced an equivalent of 2.5 
to 5.5 mm NaCl when the chamber is partially evacuated at 0°. 
In making the determination at 0°, the samples were transferred 
to the loops in a refrigerated room (0-4°) and the chamber placed 
in a Dewar flask containing finely crushed ice and water. 
Although the thermoelectric method appears to be extremely 
accurate in measuring differences in vapor pressure between two 
solutions, the accuracy which one actually obtains depends con- 
siderably upon the technique. Variations in the deflection of the 
galvanometer may correspond to at least +0.7 mm NaCl even 
when the determination is made under nearly static conditions. 
However, by observing certain precautions it is possible to reduce 
the variation to within +0.4 or +0.3 mm NaCl. Of particular 
importance is the use of an inner bath (3, 12) to reduce variations 
in temperature of the moist chamber and the use of a humidified 
box in which to transfer the drops to the loops ((3) and unpub- 
lished data of Baldes). It also is advisable to maintain the room 
at a temperature near that of the water bath and to eliminate 
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as many connections in the circuit as possible in order to reduce 
variations in the deflection due to changes in the parasitic E.M.F.’s. 

Normally there would be no appreciable error due to evapora- 
tion while the drops are being transferred, since the order in 
which the solutions are transferred to the loops is reversed each 
time so that the percentage of change in osmotic pressure would 
be equal for both solutions (assuming drops of equal size) if the 
humidity and the time necessary to transfer the drops are always 
the same. This would not be true, however, if the sample con- 
tained a large amount of non-solvent material such as in the case 
of blood cells or egg yolk. Thus it is of particular importance 
that such solutions be transferred to the loops in a saturated 
atmosphere. It is also important that the two solutions being 
compared be at the same temperature when placed on the loops, 
although it is not of such importance that they be exactly at the 
temperature of the water bath. 

As suggested by Hill (1) and Baldes (unpublished data), the 
thermoelectric method also may be used with organic solutions, 
since the bakelite lacquer used for insulation appears to be re- 
sistant to most organic solvents. The occasion arose recently 
to determine the molecular weight of an organic compound dis- 
solved in anhydrous ethyl alcohol and the method was found to 
work satisfactorily. The chief difficulty encountered was that 
of preventing the drops from spreading down the stem because 
of the low surface tension of alcohol. This difficulty might be 
eliminated by modifying the design of the thermocouple units. 


SUMMARY 


The accuracy of the modified thermoelectric method when used 
as a dynamic method for measuring vapor pressure or osmotic 
pressure was determined by comparing the osmotic pressure of 
the sample with that of a nearly isosmotic salt solution, first 
under nearly static conditions, then under dynamic conditions. 
The method was shown to be very accurate even when used with 
such viscous material as centrifuged blood cells or egg yolk. The 
chief difficulty encountered in the application of the method to 
biologic material is the error due to production of heat within the 
sample. This error has been evaluated in the case of blood cells 
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of various species by comparing the serum against the intact, 
centrifuged cells. Attention is called to certain precautions which 
must be observed in order to insure the greatest accuracy in the 
use of the thermoelectric method. 
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THE EFFECT OF TRYPSIN AND PTYALIN PREPARATIONS 
ON THE GONADOTROPIC ACTIVITY OF PITUITARY 
EXTRACTS* 


By W. H. McSHAN anp ROLAND K. MEYER 
(From the Department of Zoology, University of Wisconsin, Madison) 


(Received for publication, August 2, 1938) 


Extracts of the anterior pituitary hormones such as the lacto- 
genic (1) and gonadotropic (2) hormones have been reported to 
be inactivated by pepsin and by trypsin, and other pituitary hor- 
monal activities are usually considered to be destroyed by these 
enzymes. The gonadotropic substances from urine of pregnant 
women (3) and from the serum of pregnant mares (4) have been 
reported to be inactivated by trypsin preparations. However, 
it seemed that if the pituitary gonadotropic substances were stud- 
ied more extensively by using amylolytic enzymes as well as rela- 
tively pure trypsin preparations additional information concern- 
ing the properties of these substances might be obtained. 


EXPERIMENTAL 


This report deals with the effect on certain pituitary extracts 
of the following: (1) two commercial trypsin preparations' of 
high tryptic activity and relatively little amylolytic activity, (2) 
crystalline trypsin,? and (3) two different samples of saliva. The 
ptyalin preparations used in these experiments were made from 
the two samples of saliva by filtration, centrifugation, and a second 
filtration. The ptyalin preparations were high in amylolytic ac- 


* Supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 

1 The two trypsin preparations were obtained from Fairchild Brothers 
and Foster, New York, and from the Pfanstiehl Chemical Company, Wau- 
kegan, Illinois. 

? We are indebted to Dr. John H. Northrop of the Rockefeller Institute 
for the crystalline trypsin. 
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tivity, as indicated by their ability to digest starch, and they con- 
tained little or no tryptic activity. 

The gonadotropic extracts used were A, an aqueous super- 
centrifuged extract of whole sheep pituitary powder, B, a fraction 
of Extract A that was soluble in 50 per cent acetone at pH 6.8, 
and C, a follicle-stimulating extract prepared from Extract A by a 
modification of the Fevold (5) method. Extract A was highly 
active with respect to both follicular development and luteiniza- 
tion of rat ovaries, Extract B which was water-clear and low in 
solid content showed strong follicle-stimulating activity 
but only slight luteinizing activity, and Extract C stimulated 
follicles only. 

The enzyme digestions of the pituitary extracts were made for 
3.5 hours at 37° and at a pH of approximately 6.5. The same 
quantities of the extracts were treated similarly without the en- 
zymes and used as controls. Both control and digested extracts 
were assayed by injecting subcutaneously a total dose of 0.5 
gm. equivalent of dry pituitary powder into normal female 
rats 21 days old. Each rat was injected with 0.5 cc. of the proper 
extract on the evening of the Ist day and twice daily with this 
amount on each of the 4 succeeding days. The animals were killed 
on the morning of the 6th day and the ovaries removed, weighed, 
and examined grossly for the presence and relative numbers of 
follicles and corpora lutea. Hypophysectomized rats 21 days 
old were given 200 mg. equivalents of the digests daily for 10 days 
and were subjected to autopsy on the morning of the 11th day. 
The ovaries from both the normal and hypophysectomized rats 
were studied histologically. 


DISCUSSION 


The data given in Table I are representative of the results which 
have been obtained consistently with the different digests of 
Extracts A, B, and C. The administration of the commercial 
trypsin digests of each of the three pituitary extracts resulted in 
the stimulation of follicles only, as shown by observation of the 
ovaries at the time of autopsy. Similar results were obtained with 
crystalline trypsin except that the activity of Extract C was de- 
creased to a greater extent than with the commercial trypsin. 
The follicle-stimulating activity of the trypsin digests of Extract 
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A was decreased but little when the digestion was made for 10 















































instead of 3.5 hours. 

A luteinizing extract prepared by isoelectric precipitation and 
supercentrifugation was digested with commercial trypsin and 
Tasie I 
Data from Assays of Gonadotropic Extracts Digested with Trypsin and Ptyalin 
Preparations 

Extract Enzyme No. Ovaries 
of 
| : ] 
Kind Dose} Kind | Amount [ts Weight.) Response 
mg. mg. 
A. Aqueous su- | 500 5| 133 | Many corpora lutea 
percentri- | 500) Trypsin*| 20 mg. | 12) 71 | Follicles 
fuged ex- 500) a foe. 3} 58 - 
tract of 500 a FE... 3} 70 ” 
sheep pitu- | 500; Ptyalin | 3 ce. 5| 46 | Many corpora lutea 
itary pow- | 100 7] 92 > ” = 
der 100| Trypsin*) 4 mg. 6; 30 | Follicles 
B. Fraction of 500) 14, 94 | Few corpora lutea 
Extract A | 500) Ptyalin | 1.5cc.| 9) 17 | 1 to 6 corpora lutea 
soluble in 50) 500 - e — 6} 14 hs | a a 
per cent 508, Trypsin*| 20 mg. 6| 32 | Follicles 
acetone at | 500 = =. 6; 41 
pH 6.8 
C. Follicle-stim- | 500 5} 35 - 
ulating ex- | 500) Ptyalin | 3 ce. 9| 10 | Negative 
tract 500| Trypsin*| 10 mg. 6 27 | Follicles 
500 ae * 20 “ee 3) 24 “ce 
Extract A + 500) ~~ 
Luteinizing ex- 4, 75 “a 
tract 500) * (Saw? 
Extract A + 500) " "| % | 
Luteinizing ex- | | 4| 73 | Numerous corpora 
tract 500, | | | lutea 
* Commercial. 
t Crystalline. 


injected separately but at the same time with a trypsin digest of 
Extract A. The ovaries stimulated by this combination contained 
follicles only. When the luteinizing extract was not digested with 
the trypsin but was injected separately and at the same time with 
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the trypsin digest of Extract A, the stimulated ovaries contained 
numerous corpora lutea. The results of this experiment which 
are given in Table I provide further evidence that the luteinizing 
activity was eliminated much more rapidly than the follicle- 
stimulating activity by digestion of the extracts with the trypsin 
preparations. 

The data from preliminary experiments indicate that the gon- 
adotropie activity of pregnant mare serum is destroyed by the 
action of trypsin. This confirms the results reported by Cartland 
and Nelson (4). We have found also that pregnant mare serum 
in both the untreated and purified forms is inactivated by the ac- 
tion of ptyalin preparations. 

The gonadotropic activity of Extract A was decreased greatly 
on treatment with the ptyalin preparations. The ovaries stim- 
ulated by the ptyalin digests of this extract contained numerous 
corpora lutea. The ovaries from the rats treated with ptyalin 
digests of Extract B were about equal in weight to the ovaries of 
untreated rats. These small ovaries in most cases contained from 
one to six corpora lutea, as indicated by both gross and histological 
examination. These results make it evident that the follicle- 
stimulating activity of Extract B was largely destroyed by the 
action of the ptyalin preparations. Furthermore, the follicle- 
stimulating Extract C was inactivated completely by the action 
of the ptyalin preparations. The effectiveness of the ptyalin in 
the destruction of the follicle-stimulating activity evidently de- 
pends in part upon the protein content of the extract. This is 
shown by the incomplete inactivation of Extract A which was 
high in protein content as compared to the inactivation of Ex- 
tracts B and C which contained relatively little protein. 

Histological examination of the ovaries of the normal and hypo- 
physectomized female rats given the trypsin-digested extracts 
showed that they were composed of many follicles, none of which 
was cystic. A few of the ovaries, however, contained small 
patches of lutein tissue or some hypertrophy of the theca interna. 
While such findings render unwarranted the conclusion that the 
trypsin-treated extracts are totally devoid of luteinizing activity, 
nevertheless treatment with the trypsin preparations under the 
conditions used in our experiments unquestionably eliminates to a 
large extent the luteinizing properties of the pituitary extracts. 
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A tentative explanation of the data obtained in these studies 
is that the luteinizing activity depends upon a protein which is 
readily attacked by trypsin but which is resistant to the action 
of ptyalin preparations. Since the follicle-stimulating activity 
is relatively resistant to trypsin but is readily inactivated by the 
action of ptyalin preparations, it is suggested as a possibility that 
the follicle-stimulating activity may depend upon the presence of a 
carbohydrate grouping. Other experiments are now in progress 
to test further the validity of this hypothesis. 


SUMMARY 


The effect of two commercial trypsin preparations, crystalline 
trypsin, and ptyalin preparations on the gonadotropic activity of 
two unfractionated extracts and a follicle-stimulating extract 
prepared from sheep pituitary was determined. The luteinizing 
activity of the extracts was largely, if not entirely, destroyed by 
trypsin, while it was relatively resistant to the action of the ptyalin 
preparations. On the other hand the follicle-stimulating activity 
was resistant to trypsin, while it was destroyed by the ptyalin 
preparations. 
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METHIONINE STUDIES 


I, THE REACTION OF METHIONINE AND OTHER AMINO ACIDS 
WITH MERCURIC CHLORIDE* 


By GERRIT TOENNIES anp JOSEPH J. KOLB 
(From the Lankenau Hospital Research Institute, Philadelphia) 


(Received for publication, August 17, 1938) 


A survey (1) of the various methods that have been proposed 
for the isolation of natural methionine shows that all involve, at 
some stage, the use of mercuric chloride. It appears, however, 
that the nature of the reactions between methionine and mercury 
compounds has never been investigated. The only description 
of a mercury derivative of methionine was made by its discoverer 
(2), who reported an analysis of the precipitate formed by mercuric 
chloride and /-methionine. The result, corresponding roughly to 
Formula 1, methionine + Hg;Cls, was considered indicative of a 
“highly complex’? composition. Other information bearing of 
the mercuric chloride precipitation of methionine is that the 
chloride ion has an “inhibiting effect’’ (3), that “‘the presence of 
sodium chloride favors the complete precipitation of the methio- 
nine’ by mercuric acetate, that the precipitate is soluble in a 
considerable excess of mercuric acetate, that also, “if the concen- 
tration of the sodium chloride exceeds a certain value, re-dissolu- 
tion of the mercury-methionine precipitate occurs’’ (4), and that 
the “precipitation of methionine as its mercury compound was 
unsatisfactory in the presence of large amounts of other amino 
acids” (5). 

The present work was prompted by the belief that for an effi- 
cient isolation of methionine comprehension of the underlying 
chemistry is essential. Consideration of the published observa- 
tions suggested the following working hypothesis. A compound 


* Aided by a grant from the Blanche and Frank Wolf Foundation, Inc. 
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of the composition 

[CH,—S—CH,—CH,—CH(NH;)—COO0O— },Hg + 4HgCl, (1) 
would be in accord with Mueller’s (2) analysis. Its formation 
would depend on the availability of both mercuric ions and mer- 


curic chloride molecules. This implies, if mercuric chloride is the 
sole mercury reagent used, the reactions 


2CH;—S—(CH;):—CH(NH;)—COO- + HgCl, — [CH;—S—(CH:).— 


CH(NH,)—COO—),Hg + 2H* + 2Cl- (2) 
and 
[CH,;—S—(CH;).—CH(NH;)—COO—},Hg + 4HgCl,. — {{CH;—S— 
(CH:)2—CH(NH;)—COO},Hg} (HgCl:)« (3) 


which involve the liberation of 1 equivalent of acid for each mole- 
cule of methionine. This acid liberation would explain why fur- 
ther mercuric chloride precipitation was fourd ‘‘very wasteful” 
when a purity (of isolated methionine) of 85 to 95 per cent had 
been attained (6), since to the extent that the system becomes less 
buffered by the presence of other amino acids the equilibrium 


CH;—S—(CH:);—CH(NH; )—COO- + H* = CH,—S— 
(CH:):—CH(NH%4)—COOH (4) 


would increasingly be shifted to the right by the hydrogen ion 
liberated according to Equation 2. Equation 3 explains why mer- 
curic acetate alone forms no precipitate with methionine in the 
absence of chloride (3) and why sodium chloride first increases 
and, on further addition, decreases the precipitate formation (4): 


(CH,COO),Hg + 2Cl- — HgCl, + 2CH;COO- (5) 
HgCl, + 2Cl- ~ [HgCl,) (6) 


The experiments to be described confirm this view and further- 
more disclose the fact that all amino acids, even those that do not 
form precipitates, react with mercuric chloride with liberation of 
acid. 

Analysis of Mercuric Chloride Precipitate of |-Methionine—In an 
isolation of methionine, based on the method of Hill and Robson 
(4), a mercuric chloride precipitate was obtained which after re- 
moval of Hg and HCl gave pure (S = 21.48, 21.54 per cent) 
methionine in 90 per cent of the yield calculated on the basis of 
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Formula 1. In this mercury compound mercuric chloride was 
determined by titration of the acid liberated when the compound 
is dissolved in neutralized (methyl red) cyanide solution (7), total 
mercury as HgS, and total sulfur by a combined oxygen bomb- 
benzidine method. The results, compared with those of Mueller 
(2) and with the values calculated according to Formula 1, are 
as follows, expressed in milli-units per 100 mg.: 


Hg HgCle cl s 
Poo eh ccaetcsed 0.306 0.251 0.130 
NY  ceckbdne cubes cas 0.309 0.527 0.130 
Calculated............... 0.316 0.252 0.505 0.126 


Mechanism of Reaction between Methionine and Mercuric Chlo- 
ride—For the further experiments the dl form of methionine (East- 
man Kodak Company) was used, unless otherwise stated. 

Titration experiments, described in Fig. 1, show that in har- 
mony with the postulate of Equation 2 the maximum amount of 
acid liberated corresponds to 1 equivalent per molecule of methio- 
nine. Fig. 1 further shows data on the relation between the 
amount of mercuric chloride used and the extent of methionine 
precipitation. These determinations are in agreement with the 
postulated composition inasmuch as the HgCl, indicated by the 
cyanide reaction (cf. preceding section) approaches the expected 
value. Evidence that this value represents the actual maximum 
is given in Table I. It appears then that the precipitate forma- 
tion involves the two reactions described by Equations 2 and 3, 
and that the second of these requires a considerably larger HgCl, 
excess than the first one. 

Effect of Chloride Ion—Fig. 2 shows how the acid liberated by 
the interaction between methionine and mercuric chloride is 
decreased by the presence of sodium chloride, as is to be expected 
from the reaction indicated by Equation 6 if HgCl, is a reactant 
according to Equations 2 and 3. A quantitative analysis of this 
effect, involving determination of the equilibrium constants corre- 
sponding to Equations 2, 3, and 6, could not be attempted. 

Effect of Mercuric Acetate, Alcohol, and Acidity—To the extent 
that chloride is liberated in accordance with Equation 2 it will, 
according to Equation 6, decrease the effective HgCl, concentra- 


1 Toennies, G., and Callan, T. P., unpublished work. 
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tion involved in the precipitate formation, as shown by Equa- 
tion 3. Consequently, it should be possible to reduce the 
amount of mercuric chloride required for complete precipitation 
(cf. Fig. 1) by introducing an amount of mercuric acetate equiv- 


co 

















mMHgCl, OS 10 Ls 20 25 





Fia. 1. The reaction between methionine and mercuric chloride. The 
mercuric chloride solution, in a volume of 10 to 14 cc., was neutralized to an 
intermediate shade of methyl red (this required 0.015 to 0.07 milliequiva- 
lent of NaOH); 1 cc. of 0.200 m methionine solution was added, causing 
the indicator to turn red, and the solution was titrated back to the inter- 
mediate color (pH ~5.5) with 0.07 n NaOH (Curve 1); final volume 16 + 1 
ec. The amount of precipitate formed increases with increasing amount of 
mercuric chloride. For its determination the precipitate was filtered, 
after standing at room temperature for 2 hours or longer, washed repeatedly 
with acetone, and dissolved on the filter paper with about 6 cc. of neu- 
tralized (methyl! red) 0.6m KCN solution. The resulting filtrate and wash- 
ings were collected in the original flask and titrated with NaOH (each 
symbol on Curve 2 represents the mean value with average deviation of a 
group of four to eight determinations). 


alent to the methionine in order to reconvert the chloride ion into 
HgCl; according to Equation 5. In connection with this point 
consideration was also given to the possibility of decreasing 
the solubility of the precipitate by the use of alcohol, which, 
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TaBie I 


Effect of Mercuric Acetate, Alcohol, and Acidity on Precipitation of 
Methionine by Mercuric Chloride 


The amount of methionine (0.200 mm), the total volume (16 cc. unless 
stated otherwise), and the method of determination are in accordance 
with the legend of Fig. 1. The amount of mercuric acetate, where used, 
was 0.100 mm. In the experiments with 75 per cent alcohol, the volume 
was twice that of the corresponding experiments with 50 per cent alcohol. 
The amount of alkali used was that required to produce an intermediate 
shade of methyl red, from 0.21 to 0.34 mm depending on the amount of 
mercuric chloride used. The pH, estimated by various indicators, was 
between 3.8 and 4.2 when no NaOH was used, and about 5 (+0.5) in the 
other cases. In Group D the mercuric chloride was used in alcoholic solu- 
tion and added after the methionine, mercuric acetate, and water, but 
before the NaOH; otherwise the order of addition was mercuric chloride, 
water, NaOH (blank), methionine, mercuric acetate, NaOH, and alcohol. 


























r-1 Precipitate, per cent of theoretical 
— amoun 
s|¢ ——-7 Medium - 
= A B (22 ce.) D 
™M 
1 | 1.0}; NaOH H,O 69, 71 | 66, 68 
la} 1.0 ” - 62,* 63* 
2; 1.0 zi 50% C:H,OH| 71 66, 67 
3/ 1.0 nas 75% = 56,t 57t 
4 | 1.0) (CH,;COO).Hg) H,O 68, 69 
§ | 1.0 cs 50% C:H,OH! 82, 85 | 73, 75 
6) 1.0 - 75% " 71,t 76t 
7 | 1.0) NaOH + H,O 84, 84 75, 88 
(CH,COO),Hg 
8 | 1.0 as 50% C,H,OH 93, 94 | 92, 95 
9 | 2.0 a 50% 24 102, 99 
10 | 3.0 ale ae 50% “ 101, 102 
ll | 4.0 "—* 50% sa 98, 100 
2/10 “+ | 75% « 92, ¢ 94%) 











* l-Methionine. 
t Total volume 32 cc. 
t Total volume 44 cc. 


by virtue of its capacity to dissolve 5 times as much mercuric 
chloride as water, would be useful also for the purpose of keeping 
down the total operating volume. The results of the experiments 
concerned with these questions, including the similarity in the 
behavior of racemic and natural methionine, are summarized 
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in Table I. Several points are brought out. First, the mercuric 
chloride compound of l-methionine seems to be slightly more 
soluble than that of the dil form (Experiment la, Group A). 
Second, while replacement of sodium hydroxide by mercuric ace- 
tate does not increase the precipitation (Experiments 1, A and 4, 
A), combination of the two agents causes substantial improvement 
(Experiment 7, A). Obviously the acetic acid resulting from the 
combination of Equations 2 and 5 must be neutralized for optimal 





fe) 











Fie. 2. The effect of chloride ion on the reaction of mercuric chloride 
and methionine, measured by the acid liberated. Curve 1, no NaCl added; 
Curve 2, 0.50 mm of NaCl. Except for the additions of NaCl, the experi- 
mental conditions were those stated in connection with Fig. 1. 


precipitation (cf. Equation 4). The stated solubility of the 
precipitate in an excess of mercuric acetate (4) may also be at- 
tributed to the acidic reaction of the latter. Third, introduction 
of alcohol in the absence of mercuric acetate has no effect (Experi- 
ments 1, A, 2, A; 1, B, 2, B), except as a diluent, thereby decreasing 
the yield (Experiments 2, B and 3, B). However, the addition 
of alcohol when mercuric acetate is present appears to improve the 
yield (Experiments 4, A, 5, A; 7, C, 8, C), while doubling the vol- 
ume with alcohol leaves the yield approximately unchanged 
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(Experiments 5, B, 6, B; 8, C, 12, C). In order to explain the 
difference in the effect of aleohol, depending upon whether or not 
mercuric acetate is used, the number of equilibria involved must 
be taken into consideration. It seems possible, for instance, that 
a favorable effect of alcohol on the precipitation reaction of Equa- 
tion 3 may be counteracted by an unfavorable effect consisting in 
shifting the equilibrium of Equation 6 to the right. In the 
mercuric acetate experiments the latter effect would be eliminated 
by removal of Cl ions according to Equation 5. Fourth, confirma- 
tion of the postulated composition (Equation 3) is obtained, since 
the theoretical mercuric chloride content of the precipitate is not 
exceeded in the presence of large excess of reagent (Experiments 
9, D, 10, D, 11, D). 

Effect of Other Amino Acids—In connection with the isolation 
of methionine from hydrolysates information on the interference 
of other amino acids is essential. For the present purpose 
mercuric reactions which presumably involve specific anions other 
than chloride or acetate, such as sulfate, nitrate, or carbonate, or 
require an alkaline reaction, may be omitted from consideration, 
because these conditions can be avoided in the precipitation of 
methionine. Reactions with mercuric chloride under non- 
alkaline conditions, with or without precipitate formation, have 
been known to occur with cysteine (8) and cystine (9); and with 
mercuric acetate the acid amino acids aspartic acid (10) and glu- 
tamic acid (11, 12) as well as cystine (13) have been reported to 
form insoluble precipitates—probably simple mercuric salts of the 
formula R(NH,)(COO),;Hg (11). However, that the reactive 
possibilities are not limited to these cases is shown by results sum- 
marized in Table II, which demonstrates the effect of the presence 
of various amino acids on the interaction of methionine and mer- 
curic chloride. The figures on the acid liberation are of limited 
accuracy, owing to lack of sharpness in the end-point and, in some 
cases, anomalous indicator colors. The results, however, show 
beyond doubt that amino acids of different types diminish the 
amount of mercuric chloride available for the precipitation of 
methionine by engaging it in a reaction which is revealed by the 
liberation of acid. It should be noted that, according to Fig. 2, 
the amount of acid liberated by methionine alone under similar 
conditions is about 0.16 milliequivalent. 
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Taste II 
Reaction of Various Amino Acids with Mercuric Chloride 


About 0.5 mm of amino acid was dissolved in a few cc. of water, and 
NaOH or HCl was added, when necessary, to bring the acidity into the 
intermediate range of methyl red. 0.50 mm of HgCl, (2 cc. of 0.25 m) was 
added and the solution was titrated with 0.07 n NaOH until the intermedi- 
ate color was reéstablished. 1 cc. of 0.200 m methionine was added and the 
solution was titrated to the same color for the third time. The total 
volume was 10 to 20 cc. Small amounts of methionine precipitate ap- 
peared, seemingly in proportion to the amount of acid liberated by the 
methionine. 


























Effect of adding HgCle Acid 
Amino acid Amount - » “3K 
ubids [Pri | matin 
mM m. eq. m. eq. 
as odd. bus ein decane’ 0.555 0.119 No 0.083 
A tinnwan s csh vaugde + Hu 0.457 0.111 Yes 0.059 
l-Aspartic acid.................... 0.512 0.126 No 0.053 
ad a PRPEE § $ct 0.707 0.227 = 0.037 
d-Glutamic acid................... 0.475 0.145 <a 0.080 
“ PP, ante Meee eae 0.569 0.126 ? 0.041 
asics cuir bids tsb’ coe barowes 0.448 0.170 9 0.031 
so coal Ta Da 5 eames 0.440 0.672 Yes 0.00 
Oe ae ee eee 0.564 0.673 0.00 
ae aia Puen bOKaS 0.473 0.175 Not 0.109 
PIE AD wanccuces beescceedede 0.466 0.120 ” 0.081 
l-Phenylalanine................... 0.532 0.216f -" 0.102 
dl-Phenylalanine.................. 0.460 0.268} se | 
Se ee 0.584 0.114 ee 0.078 
baie chest kee haenhad 0.483 0.185 <3 0.048 
Ee sic ote Came wap ans 64 0.612 0.228 0 0.058 
l-Tryptophane.................... 0.305 0.646f Yes§ 
“is he RR eR os Boat eo 0.558 0.125 No 0.083 
SP, 6554 bite sds wines ed sawed en 0.531 0.102 "7 0.091 





* The monohydrochloride was used. 

+ A milkiness or turbidity was caused by the addition of mercuric chlo- 
ride and neutralization. 

t Anomalous color of methyl red. 

§ Very slowly. 


The question arises as to the nature of this apparently general 
reaction of amino acids with mercuric chloride. While a complete 
investigation of the affinities disclosed could not be indulged in 
for the present, a few experiments in this direction were undertaken 
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which served to confirm the original observations. One series of 
experiments was designed to show the maximum amount of acid 
liberated from different amino acids by an excess of mercuric chlo- 
ride, while another set aimed at the limiting value under reversed 
conditions; 7.¢e., the acid liberated by a constant amount of mer- 
euric chloride in the presence of increasing amounts of amino 
acids. In both cases definiteness of the results was impeded 
by the strong buffering action in the range of the titration end- 
point which is produced by large amounts of either mercuric 
chloride or amino acids. Nevertheless certain relations are dis- 
cernible in these results, the graphs of which are shown in Fig. 3. 
In all cases investigated of neutral, acid, and basic amino acids, 
except histidine, generation of 1 equivalent of acid per molecule 
of amino acid seems to be approached with increasing amounts of 
mercuric chloride. In an examination of the plotted curves the 
titration difficulties and the fact that no corrections have been 
applied for the acidity of the mercuric chloride must be considered. 
The latter correction is of the order of 0.0275 milliequivalent per 
4 cc. of the solution used, but with the larger amounts an exact 
value cannot be obtained. At present no interpretation can be 
given to the characteristic S-shaped curves which are shown by 
the two simple diamino acids lysine and ornithine and are also 
in evidence in the case of arginine. Histidine differs sharply by 
its steep reaction curve which apparently exceeds the value of 2 
equivalents of acid per molecule of amino acid. All four of the 
basic amino acids studied, but none of the neutral or acid ones, 
formed precipitates under the conditions of the experiment. Pre- 
cipitates of amino acids of the basic group, formed by mercuric 
chloride under alkaline conditions, have been investigated by Vick- 
ery and Gordon (14) who found complicated relations. Analysis 
of the neutral precipitates so obtained would be interesting in this 
connection, but had to be deferred. In the case of the acid amino 
acids the fact that glutamic and aspartic acids form insoluble 
mercury salts of the type R(NH:)(COO),Hg (11) with mercuric 
acetate, while they do not yield precipitates under the present 
conditions, might suggest the formula R(NH:)COOHgC! for the 
soluble reaction products of HgCl:. Verification of this supposi- 
tion by determining the limiting amount of acid produced by 1 
molecule of mercuric chloride in the presence of an excess of 
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Fic. 3. Reactions of amino acids with mercuric chloride. 
acidity produced by addition of successive amounts of HgCl, to the con- 
centrated solution of the amino acid (neutralized by NaOH or HCI; methyl 
red) was titrated. J, titration of the acidity produced by addition of 
successive amounts of amino acid to 1 cc. of 0.25 m HgCl, (neutralized). 
The ordinate represents milliequivalents of NaOH (0.07 nN) consumed, 
and the abscissa cc. of 0.25 m HgCl:, except in J where it represents cc. of 
0.125 m amino acid solution. 
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neutralized glutamic acid proved impossible on account of the buf- 
ering action of the glutamate ion. However, data could be ob- 
tained by this type of experiment in the case of neutral amino 
acids. The results (Fig. 3, J) harmonize with the idea that at 
least the first step of the interaction between amino acids and 
HgCl, takes place according to the equation 


R(NH;)COO- + HgCl, + R(NH,)COOHgC! + H* + Cl- (7) 


Obviously in the case of methionine this step must be followed and 
partly overlapped by 


R(NH,)COOHgCl + R(NH*)COO- — 
[R(NH,)COO—),Hg + H* + Cl- (8) 


while in the case of the acid amino acids the non-appearance of a 
precipitate would indicate that this second step does not take 
place. 


DISCUSSION 


A general complex formation of mercuric mercury with amino 
acids appears not to have been noted previously, except for a 
statement by Malfatti (15) that amino acids are capable of dis- 
solving freshly precipitated mercuric oxide. That statement 
would certainly imply the existence of non-ionized linkages be- 
tween mercuric mercury and amino acids, at least as far as the 
neutral ones are concerned. The existence of such affinities 
hardly seems surprising when the general kinship of mercuric and 
cupric ions is considered, together with available observations 
on the formation of non-ionized linkages between amino acids and 
various inorganic cations of complex-forming tendencies (ef. 
Cu*+(16), Fe+*+*(17), or Cr***(18)). Especially in the case of 
Hg*+ the well known reactions between HgCl, and NH; suggest 
pronounced affinities between amino nitrogen and metal ion which 
would cause formation of compounds of the type 


H 
NHgCl+ 
ASH 
R (R(COONH} + HgCl, + R(COO-)NH,HgCl* + HCI) 


\ 
coo- 
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These compounds may be considered “inner salts’’ just as well as 
“salts with restricted ionization due to a covalent bond between 
Hg and amino group.” While “dissociation” of this “inner’’ 
salt would remain an intramolecular event 


H H 
NHgCl* NHgCl 
Ji / 
R =R 
\ * 
coo- COOH 


the analogous reaction in the case of ammonia yields the “‘infusible 
precipitate” 


H 
HNHgCl* + Cl- — H,NHgCl + HCl 
H 


As to the main subject of the present work, the conditions of 
formation and the nature of the mercuric chloride precipitate of 
methionine, the evidence presented indicates a mercuric chloride 
addition compound of the normal mercuric salt. On the basis 
of the evidence the forces responsible for the mercuric chloride 
addition cannot be localized within the methionine molecule. By 
analogy with similar compounds of simple aliphatic (19) and aro- 
matic (20) sulfides it may only be surmised that the single sulfur 
atom is the center of attraction. Another possibility of analogy, 
viz. with the a-mono- and a,a’-dimercuric chloride compounds 
of the cyclic sulfide thiophene (21) which result from substitution 
of a-hydrogen by —HgCl, seems to be ruled out by the experi- 
mental data. 


SUMMARY 


Factors governing the conventional precipitation of methionine 
with mercuric chloride have been investigated. The composition 
of the precipitate and the mechanism of its formation have been 
elucidated. It has been found that complete precipitation is 
favored by neutrality, by the absence of chloride ion, by removal, 
with mercuric acetate, of free chloride ion formed in the reaction, 
and by the presence of alcohol. The basic amino acids, which 
form precipitates with mercuric chloride, and the acid ones, which 
form precipitates with the mercury ion of mercuric acetate, should 
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be absent in the precipitation of the mercury complex of methio- 
nine. 


The common neutral amino acids do not interfere by precipitate 


formation, but they form soluble compounds with mercuric chlo- 
ride in a reaction made patent by the liberation of acid. This 
effect can be compensated for by an adequate excess of mercuric 
chloride and by the addition of mercuric acetate and alkali. 


In the experiments presented no consideration has been given 


as yet to the possibilities of the formation of “‘mixed”’ compounds 
of mercury with more than one species of amino acid. 


Noor wwe 
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FURTHER STUDIES OF THE CALCIUM CONTENT OF 
THE BODY AS INFLUENCED BY THAT OF 
THE FOOD* 


By CAROLINE SHERMAN LANFORD anp H. C. SHERMAN 
(From the Department of Chemistry, Columbia University, New York) 


(Received for publication, August 9, 1938) 


In the first series of experimental studies made in this laboratory 
upon the calcium content of the body as influenced by that of the 
food (1-3), rats of identical previous nutritional history received 
different levels of calcium intake from the age of 28 to 30 days and 
were analyzed at fixed ages during or after the period of rapid 
growth. The work of Campbell, Bessey, and Sherman (4) dealt 
with the more slowly developing effects of a diet of moderately 
deficient calcium content. Toepfer and Sherman (5) began the 
study of the effects of liberal versus minimal adequate calcium 
intake upon the body caicium of the offspring of families on such 
diets; and this plan has been further developed in the present work. 

By continuing the controlled comparative feeding into the 
second generation (or longer), one obtains much more conclusive 
evidence upon the far reaching biochemical problem of the extent 
to which nutrition influences the chemical composition of the body 
among the normal members of a species. The present investiga- 
tion deals with the constructive aspect of this problem. The 
low calcium dietary of the experiments here reported is adequate, 
as shown by the fact that rat families are still thriving upon it in 
the forty-fourth generation in the hands of Dr. H. L. Campbell of 
this laboratory. We are therefore dealing, not with the correction 
of a deficiency condition (at least in the sense hitherto understood), 
but rather with the increase of the rate of calcification and the body 
calcium contents of the members of already normal families, 
through the enrichment of the calcium content of the diet. 


* Part of the material in this paper was presented before the meeting 
of the American Society of Biological Chemists at Baltimore, April 1, 1938. 
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Here it is clearly shown that the chemical composition of the 
normal body can, as regards some of its constituents, be very sig- 
nificantly influenced by such nutritional differences as are encoun- 
tered among staple food supplies. Also, the differences of body 
composition thus induced are shown to be more than temporary 
responses to an increase of intake; for they are greater in the second 
generation than the first, and, while greatest during the period of 
most rapid growth, they are still analytically measurable and 
statistically significant after the adult stabilization of the com- 
position of the body as attained, respectively, upon “minimal 
adequate”’ and liberal levels of calcium intake. 

The present findings have also the further significance of con- 
stituting what may be called the body composition aspect of a 
broader investigation into the effect of these higher levels of cal- 
cium intake upon nutritional well being throughout the life cycle 
of successive generations. 

In drawing some of the averages here reported, certain earlier 
analyses carried out in this laboratory, especially by Dr. Edward 
Toepfer, have been included. The assistance of Mrs. Marian Linn 
Meinert and Miss Grace E. Guldin with the analyses is also grate- 
fully acknowledged. 


EXPERIMENTAL 


Diet 16, the low calcium diet of these experiments (also called 
Diet A in some publications from this laboratory), consists of 5 
parts of ground whole wheat and 1 part of dried whole milk 
powder, with added sodium chloride equivalent to 2 per cent of the 
wheat. Analyses of this diet as prepared from time to time show 
it to contain 0.19 to 0.20 per cent calcium and 0.40 to 0.43 per 
cent phosphorus, on the air-dry basis. The results of much work 
in this laboratory indicate that this is near the minimum level of 
calcium required by the rat for permanently satisfactory perfor- 
mance in all respects. 

Diet 168 and Diet 169 are of identical composition with Diet 16 
except for added calcium salts. In preparing Diet 168, calcium 
carbonate is added in amounts to raise the percentage of calcium 
in the food mixture to 0.64, or roughly 3 times that of Diet 16. 
This brings the level of calcium in the diet to that suggested by 
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McCollum and Simmonds as optimal for the rat. In preparing 
Diet 169, both calcium carbonate and secondary calcium phos- 
phate are added, the final concentration of calcium being 0.80 
per cent, and of phosphorus, 0.53 per cent. 

Representative male and female young of mothers on each of 
these three diets were selected at 28 to 30 days, and either killed 
at once for analysis or continued on the diet of the mother until 
2, 3, 6, or 12 months of age. They were then killed by chloroform, 
the gastrointestinal tract removed, the whole remaining carcass 
cremated, and the ash dissolved and analyzed for calcium by either 
the volumetric or the gravimetric modification of the McCrudden 
method (6), with the precautions suggested by previous work in 
this laboratory (1). For purposes of the present discussion, the 
findings are expressed both in terms of total weight of calcium in 
the body and in percentage of the net body weight. 


DISCUSSION 


Tables I and II show, for male and unmated female animals, 
respectively, (1) the net body weight (7.e., body weight minus 
weight of the gastrointestinal contents), (2) the total body cal- 
cium, and (3) the calcium in percentage of the net body weight. 
The homogeneity of the data within each group is indicated by the 
customary coefficient of variability; and the means for the amount 
and percentage of calcium are modified by their respective prob- 
able errors. 

The data are in a few cases averaged in alternative ways. The 
first average is always the mean for all of the analyzed animals of a 
given age, sex, and dietary. The second average when marked 
by the asterisk is the mean for all except those individuals which 
showed extreme variations, in either body weight or calcium con- 
tent, from the usual range of their group; when marked with the 
dagger, those individuals are omitted which showed such variation 
from the general population performance as to be in our judgment 
not sufficiently representative for inclusion in a final mean in- 
tended to express numerically the results of a careful critique of 
the present data in the light of our experience with even larger 
numbers of animals of the same strain and on the same diets. 
The discussion which follows is based primarily on the data thus 
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edited, while a simple comparison of the alternative averages will 
show that the use of the means of all analyses made would lead to 
an essentially identical interpretation. 


TaBie | 
Calcium Content of Male Rats 









































| sis oa Calcium content 
Age amg os rors Total | Percentage of net weight 
| Mean |C.v.| Mean+pe. | C.v.| Meantpe. |C.y. 
days b A | gm. gm. 
28| 16) 0.20 20 | 39.0110.8| 0.279 + 0.006 14.2 0.715 + 0.007) 6.4 
168) 0.64) 30 0.3 7.9| 0.385 + 0.003] 7.4) 0.956 + 0.004) 3.7 
169) 0.80) 24 | 39.2/13.3) 0.400 + 0.007| 12.7) 1.022 + 0.009) 6.6 
60 | 16) 0.20, 18 | 102.4/17.5) 0.692 + 0.019) 17.8) 0.677 + 0.005 4.3 
168 0.64 21 | 116.6/11.8| 1.128 + 0.014) 9.0) 0.971 + 0.006 4.5 
|__| 12f | 107.9| 9.1) 1.075 + 0.016) 7.8] 0.998 + 0.006 3.1 
169] 0.80, 16 | 114.3111.9) 1.178 + 0.021) 10.6 1.039 + 0.009 5.3 
13t | 108.8) 8.0] 1.136 + 0.014) 6.6) 1.046 + 0.010) 5.3 
90 | 16) 0.20, 26 | 173.1/16.2| 1.262 + 0.032) 19.3] 0.726 + 0.006) 6.5 
168) 0.64) 31 | 172.5/16.3) 1.765 + 0.030) 14.2 1.026 + 0.005) 4.1 
30* | 174.6114.8| 1.785 + 0.028 12.8 1.025 + 0.005 4.2 
169} 0.80 30 | 175.1/17.3) 1.858 + 0.037) 16.3) 1.064 + 0.006) 4.4 
28* | 177.1/17.0) 1.875 + 0.038) 16.2, 1.061 + 0.004) 2.9 
180 | 16 0.20) 10 | 259.8) 6.6) 2.651 + 0.032) 5.8, 1.023 + 0.010 4.5 
168) 0.64) 20 | 282.2)11.5| 3.137 + 0.050, 10.8 1.113 + 0.006) 3.5 
| 19* | 278.3/10.0| 3.083 + 0.038) 8.0, 1.112 + 0.006 3.5 
169) 0.80 20 | 288.0 8.6 3.308 + 0.040 8.2 1.150 + 0.006, 3.6 
365| 16 0.20 13 | 321.5| 8.5) 3.490 + 0.034) 5.2 1.090 + 0.014 6.7 
| 11f | 314.9) 7.6) 3.467 + 0.038 5.4 1.105 + 0.014 6.3 
168| 0.64) 14 | 320.6 9.0) 3.839 + 0.038, 5.5, 1.203 + 0.016 7.2 
11t | 332.5) 5.6) 3.906 + 0.037) 4.7) 1.176 + 0.010) 4.3 
169| 0.80| 16 | 347.3) 6.6| 4.077 + 0.044) 6.5 1.175 + 0.008 4.2 
| 14t | 341.5) 5.2) 4.022 + 0.041) 5.8 1.178 + 0.009) 4. 








C. v. = coefficient of variability; p.e. = probable error of the mean. 
* Mean of all except those showing extreme variations in body weight or 


calcium content. 
t Individuals showing variations described in the text are omitted from 


the mean. 


At 1, 2, and 3 months of age, rats reared at the two more liberal 
levels of calcium intake show a markedly more advanced degree 
of calcification than animals on Diet 16, whether considered in 
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terms of the total amount or in percentage of body calcium." 
At 6 months and a year of age, the differences are smaller, but still 
significant. Thus, from families with a dietary calcium intake of 
0.64 per cent, the male animals at 28 to 30 days of age contained 
38 per cent, and the females 28 per cent greater weight of calcium 
than on an intake of 0.20 per cent calcium; at 60 days, the differ- 
ences averaged 56 per cent for males and 74 per cent for females; 
at 90 days, 41 and 58 per cent; at 180 days, 16 and 24 per cent, 


Tase Il 
Calcium Content of Female Rats 








| Calcium content 






































= | Net weight | - - ‘ SS 
Age | No. phy cl a Total Percentage of net weight 
Mean |C.v.| Mean + p.e. Cov. Mean+p.e. /|C.v. 
days pa gm. gm. | | | 
28} 16) 0.20) 23 | 40.3/14.5] 0.300 + 0.006) 13.6 0.748 + 0.006) 5.4 
168| 0.64] 17 | 40.5|12.2} 0.384 + 0.006| 10.0, 0.949 + 0.007] 4.2 
169| 0.80} 20 | 37. 7}10. 8) 0.396 + 0.007) 11.6) 1.052 + 0.012) 7.7 
60 | 16) 0.20] 20 | 94.5/13.5) 0.641 + 0.016) 16.5, 0.676 + 0.006) 5.7 
168) 0.64) 11 | 106.3/11.1) 1.113 + 0.024 10.8 1.049 + 0.006) 3.0 
169} 0.80) 18 | 96.2) 7.3] 1.062 + 0.011) 6.5) 1.105 + 0.007] 4.1 
90} 16) 0.20) 17 | 133.8)11.7| 1.109 + 0.024) 13.6 0.830 + 0.008) 3.0 
168 0.64] 9 | 150.0 5.6 1.748 + 0.018] 4.7| 1.163 + 0.008) 3.2 
169| 0.80, 10 | 153.8) 6.5, 1.897 + 0.032) 8.1) 1.237 + 0.010) 7.8 
180 | 16 0.20) 12 | 166.6)17.9 1.999 + 0.091) 23.6 1.195 + 0.022) 9.5 
| 168 0.64, 8 | 190.0) 6.8, 2.472 + 0.030 5.2 1.305 + 0.020) 6.4 
| 169 0.80, 8 | 189.5| 5.4 2.617 + 0.036 5.9) 1.382 + 0.013) 4.0 





C. v. = coefficient of variability; p. e. = probable error of the mean. 


respectively; and at 1 year, 13 per cent for males (no females hav- 
ing been analyzed at this age). Similarly, raising the calcium in- 


! Even at the early age of 2 weeks, differences in the degree of calcifica- 
tion at the various levels of family intake of calcium are apparent, although 
at birth no significant difference has been established. The average per- 
centage of body calcium found in twelve batches of newborn young of 
mothers on Diet 16 was 0.291 + 0.002; and in twelve batches from mothers 
on Diet 169, 0.283 + 0.004. At 2 weeks of age, males on Diet 16 averaged 
0.598 + 0.007 per cent calcium, and on Diet 169, 0.700 + 0.005 per cent; 
females 0.614 + 0.006 per cent and 0.700 + 0.004 per cent, on Diets 16 and 
169, respectively. 
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take from 0.20 to 0.64 per cent increased the percentage of calcium 
in the body at 1 month of age by 34 per cent in males and 27 per 
cent in females; at 2 months, by 47 per cent and 55 per cent; at 
3 months, by 41 per cent and 40 per cent; at 6 months, by 9 per 
cent in both males and females; and at 1 year, by 6 per cent in 
male animals. All of these differences, both in total amount and 
in percentage of body calcium, between rats on Diet 168 and rats 
on Diet 16, are of unquestionable significance when analyzed 
statistically by the generally accepted criteria. 

When the effects of the two higher levels of calcium are com- 
pared, it appears that even Diet 168, which provides 0.64 per cent 
calcium, or at least 3 times the ‘‘minimal adequate” intake, does 
not permit the maximum rate of calcification, the percentage of 
body calcium from 1 to 6 months of age being raised by 3 to 11 per 
cent as a result of increasing the dietary calcium from 0.64 to 0.80 
per cent. With the possible exception of the group of females 180 
days old,’ these increases also are statistically significant. At 
full maturity, the percentage of body calcium in male animals on 
Diets 168 and 169 is identical. 

Critical examination by statistical analysis indicates, therefore, 
that the findings here reported may be regarded as conclusively 
established. If so, they must also be regarded as significantly 
modifying the long standing view which was formulated by Liebig 
in terms of a postulated constancy of chemical composition among 
at least the normal members of a species; and by Claude Bernard 
in his emphasis, which we must now recognize as an overemphasis, 
upon the fizité of the internal environment. Researches upon 
differences in other, including more soluble, body constituents 
as influenced by the composition of the food, as well as studies of 
calcium from different dietary starting points, are being under- 
taken in this laboratory. 


SUMMARY 


The effects of 3- and 4-fold enrichments in the calcium content 
of a diet, whose at least minimal adequacy is established by the 


2 The “critical ratio,’’ i.e. the ratio of the actual difference to its proba- 
ble error, is here only 3.2, whereas in present usage differences are con- 
sidered ‘‘statistically significant’’ only when their critical ratio exceeds 
(3.5 or) 4, in which case the odds are better than (100 or) 142:1 that the 
difference is not merely accidental. 
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fact of its support of normal nutrition through forty-three genera- 
tions of rats, were here studied in the offspring (7.e., second and 
later generations) of parallel experimental animals. 

The amounts and percentages of calcium in the bodies of these 
rats were determined at 1 month of age (end of infancy) and at 
other definite ages up to 1 year, which is sufficiently advanced into 
adult life for the data to show that the percentage of calcium in the 
body was here definitely stabilized or “plateaued.” 

Offspring of the families on the higher levels of calcium intake 
were found to have attained at 1 month of age a percentage of 
body calcium achieved on the original diet only at 5 or 6 months of 
age. 

During the period of rapid growth and development, the degree 
of calcification on the liberal intakes of calcium (0.64 and 0.80 
per cent of the dry food mixture) exceeded that on the lower diet- 
ary level (0.20 per cent) by one-quarter to one-half; and at full 
maturity there was a presumably permanent difference of between 
5 and 10 per cent. Experiments still in progress indicate that this 
higher calcium content is advantageous throughout life. 

Although the percentage of body calcium finally reached was 
the same for the two higher levels of intake, the rate of calcifica- 
tion was somewhat greater on the diet providing 0.80 per cent than 
on that with 0.64 per cent of calcium. 


The cooperation of the Carnegie Institution of Washington and 
the Carnegie Corporation of New York is gratefully acknowl- 
edged. 
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HETEROGENEOUS EQUILIBRIUM OF PROTEIN 
SOLUTIONS 


II. THE INTERACTION OF CALCIUM CHLORIDE AND OTHER 
SALTS WITH PROTEINS, AS DETERMINED BY A NEW 
TYPE OF CALCIUM AMALGAM ELECTRODE 


By NORMAN R. JOSEPH 
(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, July 30, 1938) 


The potentiometric method of studying the interaction of pro- 
teins and neutral salts has certain important advantages over the 
two methods that have been principally employed, the solubility 
method and the study of membrane equilibrium. The solubility 
method permits the independent variation of the concentration of 
only one of the components, so that the equilibrium can be studied 
only at the concentration of a saturated solution of the other. In 
the method of membrane equilibrium, the concentration of both 
components can be varied independently, but the equilibrium is 
attained very slowly, and except in special cases, as Adair has 
shown (1), cannot be expressed simply in terms of the activity 
coefficients of the components. In principle, the potentiometric 
method is capable of giving directly salt activity as a function of 
protein concentration and salt concentration, from which data the 
effect of salt on protein activity and on the membrane equilibrium 
can be calculated. 

Studies of this kind have already been reported for the interac- 
tion of amino acids and salts (9) and for the interaction of protein 
and salts (10) by means of metallic amalgam electrodes and cells 
without liquid junction. In the former study it was found that 
amalgams of the very reactive alkali and alkaline earth metals are 
not sufficiently stable when exposed to amino acids to yield reliable 
potentials except under special conditions. They are also un- 
stable in the presence of ammonium salts and many substances 
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containing substituted ammonium groups. Attempts to measure 
calcium ion activity in the presence of protein by means of the 
flowing calcium amalgam electrode have met with similar difficul- 
ties (7). Accordingly, in studying the interaction of proteins with 
ions of the alkali and alkaline earth groups, it is necessary to find a 
means of protecting the amalgam from protein or other disturbing 
substances. 

In the present paper such a method and its application to several 
protein systems will be described. In this method the amalgam 
is protected from protein by a membrane that is permeable only 
to electrolyte and solvent. 

Cells are of the type HgMe } MeCl,! AgCl| Ag, the junction be- 
tween amalgam and solution being made through cellophane. 
The cell reaction is Me + zAgCl = MeCl, + zAg (z is the valence 
of the cation Me). 

Assuming the cell reaction to be isothermal and reversible, the 
electromotive force is given by the relation 


B= B-"~ ina (1) 
where a is the activity of the salt, E° is the standard potential of 
the cell, v is the number of gm. ions formed by the dissociation of 
1 gm. molecule of salt, N is the number of equivalents per mole of 
salt, and R, 7’, and F are respectively the gas constant, the ab- 
solute temperature, and the Faraday constant. 


Method 


The cell employed is illustrated in Fig. 1. It is an H-shaped 
tube, in one arm of which a silver-silver chloride electrode is 
suspended, while in the other the amalgam electrode can be sup- 
ported. The latter is prepared by sealing platinum wire into glass 
tubing, and sealing the latter into a calcium chloride drying tube, 
so that the tip of the platinum comes to within about 0.5 cm. from 
the mouth of the tube. 

Approximately 5 cc. of amalgam are introduced into the tube, 
the mouth of which is then closed by a cellophane membrane. A 
square piece of cellophane is moistened and blotted, then stretched 
tightly over the mouth of the tube, and fixed to the tube by means 
of collodion. When the tube is inverted and suspended in the 
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electrode vessel, as illustrated in Fig. 1, the amalgam makes con- 
tact with the platinum wire and with the solution through the 
membrane. To renew the surface of the amalgam, it is only neces- 
sary to remove the tube, invert it so that the amalgam flows into 
the bulb, and shake the amalgam. 

Silver-silver chloride electrodes were prepared by the method 
of Noyes and Ellis (17), and were frequently checked against 
each other. 
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Fic. 1. Cell for determining the activity of salt in the presence of protein. 
A, amalgam electrode; B, silver-silver chloride electrode; C, cellophane 
membrane; D, platinum contact. 


The amalgams were prepared by electrolysis of the correspond- 
ing chlorides, redistilled mercury being employed as cathode, in 
the manner described by Lucasse (13). Care was taken to min- 
imize exposure of the amalgam to air. 

In order to check the method, the activity coefficient of calcium 
chloride in water has been determined, and compared with the 
results of Lucasse (13) and Scatchard and Tefft (20), who have 
employed the procedure of MacInnes and Beattie (14) in which 
flowing amalgam makes direct contact with the solution. 

Our results are given in Table I, at various values of m, the 
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salt molality. (Zo—£,.) is the difference of £.m.F. obtained when 
the potential given by a solution of molality m is referred to that 
of a 0.01 molal solution. Lucasse, in calculating the activity 
coefficient of calcium chloride, has taken the value 0.716 for the 
activity coefficient of the 0.01 molal salt, an estimate which is 
based on the freezing point results of Lewis and Linhart (12). 
Our values for the activity coefficient are based on the same refer- 
ence value. As Table I shows, the results of the two methods are 
in good agreement to 1.0 molal calcium chloride. In pure salt 
solutions equilibrium across the membrane is usually established 
within 5 or 10 minutes after immersion of the amalgam electrode. 


TABLE | 
Activity Coefficient of Calcium Chloride, Obtained from Electromotive Force of 
Cell, HgCa,}CaCl,|AgCl\Ag 


























m Bo. — EB 7  (Lucasse (13))* | 7 (a Goes 
mole per kg. H20 volt - ,. 8 ri ek: 
0.01 0.0000 (0.716)t (0.716)t (0.725) 
0.02 0.0230 0.659 0.655 0.658 
0.05 0.0450 0.567 0.569 | 0.570 
0.10 0.0764 0.521 0.516 | 0.515 
0.20 0.0994 0.488 0.480 | 0.481 
0.50 0.1360 0.515 0.499 | 0.519 
1.00 0.1770 0.706 0.709 0.715 


° Observed with flowing amalgam. The results of Fosbinder (7) are in 
good agreement with both sets of observations up to 1.0 m CaCl,. 
t Reference value based on freezing point data (12). 





The observed potentials often have a tendency to drift. This 
usually indicates a certain amount of oxidation at the surface of 
the amalgam. The potentials are restored to the initial value 
when the amalgam is shaken and a fresh surface restored. By 
such means it is usually possible to obtain reproducible potentials 
that vary only within 0.5 millivolt. Each e.m.r. that is given 
represents the mean of four or more successive approximately 
constant readings taken over a period of at least 15 minutes. 
Most of them were carried out in duplicate. The agreement of 
the results obtained by this method with those of the flowing 
amalgam technique indicates that there is no significant potential 
introduced into the cell by the membrane itself. 
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Another check of the method in a protein system may be ob- 
tained by studying the activity of zinc chloride in the presence of 
isoelectric gelatin, and comparing the results with those obtained 
with flowing amalgams (10). This comparison is presented in 
Table II. It also indicates good agreement between the two 
methods, and is evidence that no error is introduced into the ob- 
served E. M. F. by the membrane itself. 

In the case of membrane equilibrium in isoelectric protein solu- 
tions it is well known that the membrane potential may amount 
to many millivolts (15). It is therefore important to consider the 


TaBLe II 


Interaction of Zinc Chloride and Gelatin Determined by Two Types of Zinc 
Amalgam Electrodes 

















ms | Protein | By~Bo* | Bt 
mole salt per kg. H2O gm per kg. H2O volt volt 
0.01 | 50 0.0064 | 0.0070 
0.01 75 0.0098 0.0100 
0.04 50 0.0030 | 0.0034 
0.04 75 0.0048 0.0050 
0.10 50 | 0.0019 0.0016 
0.10 75 0.0028 0.0024 
0.25 50 0.0012 
0.25 75 0.0017 | 





* Observed with the electrode making contact through the membrane. 
t Observed or estimated from data with flowing zinc amalgam electrode 
at 37° (10). 


relation between the usual type of membrane potential and the 
potential measured in these experiments. 

The accompanying diagram illustrates the type of equilibrium 
with which we are dealing. 





meee 
Ag | 
AgX | 
A C B 
Protein HgMe, 
Salt, MeX 
Water 























: 
i ’ 





394 Heterogeneous Equilibrium. II 


It is a condition of equilibrium of this system that the chemical 
potential of the salt Py.x;4) in phase A must be equal to Py.xie), 
the chemical potential of salt within the membrane C. Let us 
consider the change of state resulting from the passage of 1 equiv- 
alent through the cell, assuming it to function isothermally and 
reversibly. At the junction of membrane and the amalgam elec- 
trode B, 1 equivalent of the cation Me isformed. The correspond- 
ing single electrode potential is 


RT 
Eme(c) = EMe — FD aMe(c) (1-a) 


where ayec) is the activity of cations within the membrane, and 
Ex. is the standard single electrode potential of the amalgam. 

At the Ag,AgX electrode, 1 equivalent of the anion X is formed 
and the electrode potential is 


RT 
Ex (A) = EX - nF 2 @x(A) (1-b) 


where a@x;4) is the activity of anions in the solution and Ey is 
the standard potential of the electrode. 

To fulfil the condition of electrical neutrality in phases A and C, 
it is necessary that z equivalents of the cation migrate from C to 
A, and that (1 — x) equivalents of the anion migrate from A to C. 
The net process is the isothermal and reversible formation of z 
equivalents of MeX in phase A and (1 — x) equivalents within the 
membrane. It is evident that z is a function of the relative quan- 
tities of electrolyte in A and C, and that as the ratio of the volume 
of A to that of C approaches infinity z approaches unity. This 
condition can be assumed to be met in the system we are consider- 
ing, for C is a thin membrane and contains a very small mass of 
electrolyte in comparison with the relatively large mass in A. 
Thus for every equivalent passing through the cell, 1 equivalent 
of the cation Me migrates from C to A, while an infinitely small 
quantity of the anion X is transferred to C. 

At the membrane there must be a potential given by the rela- 
tion 


RT. amec) 
——|lh = (1-c) 
NF saMe(A) 


E (membrane) = 
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This is the potential determined in studies of membrane equilib- 
rium. Adding the three potentials given by Equations l-a, 
1-b, and l-c, one finds 


RT 
E= E- = In @MeX(A) 


where E® = Ey, + Ey. 

This is identical with Equation 1. The e.m.r. of the cell is 
determined therefore by the activity of salt in A and by the stand- 
ard electrode potentials, and is not affected by the membrane it- 
self as long as the ions within the membrane are in equilibrium 
with those in the solution. Under these conditions the cell reac- 
tion can be regarded simply as the formation of salt in the solution 
from the metal and the silver salt, the free energy change of the 
process being independent of the steps. 


Application to Protein Solutions 


Determinations of salt activity have been obtained in solutions 
of the following proteins: horse carboxyhemoglobin, horse serum 
albumin, pseudoglobulin, and gelatin. The serum albumin and 
pseudoglobulin were electrodialyzed preparations for which I am 
indebted to Dr. John D. Ferry. The former was Preparation 
IIID, described by Ferry and Oncley (6). An approximately 5 
per cent solution had a specific conductivity of 52 X 10~* reciprocal 
ohm. The dielectric increment per gm. of this fraction per liter 
of solution has been found to be 0.29. A 2 per cent solution of 
the pseudoglobulin had a specific conductivity of 9 X 10~* recipro- 
cal ohm. The dielectric increment per gm. of this fraction per 
liter of solution is 0.9,' at infinite dilution of protein. This is 
somewhat lower than the value at infinite dilution obtained for 
the fractions described by Ferry and Oncley, and indicates the 
presence in this preparation of small amounts of other globulins. 

Carboxyhemoglobin was prepared from horse red blood cells 
according to the directions of Stadie and Sunderman (21), with a 
different method of electrodialysis which will be described else- 
where. The specific conductivity of an approximately 1.5 per 
cent solution was 45 X 10~-* reciprocal ohm. 

Gelatin was prepared according to the directions of Northrop 


! Ferry, J. D., unpublished data. 
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and Kunitz (16). A5 per cent solution had a specific conductivity 
of 19 X 10~ reciprocal ohm. 

The potentiometric results for various protein-salt mixtures 
are given in Tables III to VI. The value (2, — E>) represents the 


Tasie III 


Interaction of Gelatin with Salts as Determined from Electromotive Force 
of Cell, HgMe;} MeCl,|AgCl\Ag at 25° 












































1 0 
Salt m3 m: Ey, —Eo —Log 3 a= - ear 
mole salt mol in| ah 
yg. Hx | per ky. Had | alt 
CaCl, 0.01 0.00065 | 0.0034 0.038 5.9 
0.01 0.0013 0.0062 0.070 5.4 
0.04 0.00065 0.0016 0.018 5.5 
0.04 0.0013 0.0034 0.038 5.9 
0.10 0.00065 0.0010 0.011 5.5 
0.10 0.0013 0.0018 0.020 4.9 
0.25 0.00065 | 0.0006 0.007 5.2 
0.25 0.0013 0.0010 0.011 4.2 
CC hain aan wrk eben 0d 4 nee neaswn 6 oe eg pe 5.34 0.5 
MgCl, 0.01 0.00081 | 0.0044 0.050 6.1 
0.04 0.00081 | 0.0020 0.022 5.6 
0.10 0.00081 | 0.0012 0.014 5.3 
0.25 0.00081 | 0.0005 0.006 (3.5) 
il ta cake adel hain’ Urees thidameeene 566 seh 5 5.6+ 0.3 
ZnCl, 0.01 0.00081 | 0.0064 0.072 8.9 
0.01 0.00122 0.0098 0.110 9.0 
0.04 0.00081 | 0.0030 0.034 8.4 
0.04 4 0.00122 | 0.0048 0.054 8.9 
0.10 0.00081 | 0.0019 0.022 8.5 
0.10 0.00122 | 0.0028 0.032 8.3 
0.25 0.00081 | 0.0012 0.013 8.2 
0.25 0.00122 | 0.0017 0.019 8.0 
I. cea yl a ARSE sa ha rat oR A a 8.5+0.3 





difference in E.M.F. of a protein solution referred to an isomolal 
pure salt solution. It is the potential of the double cell 


Ag | AgC!| MeCl, | HgMe| MeCl,, protein | AgCl | Ag 























N. R. Joseph 397 


given by the relation 


RT 
E,- = -—h— 


yF "3, (2) 


the salt molality, ms, being the same in the protein solution and 
the reference solution. In Equation 2 ys denotes the mean ionic 


TaBLe IV 
Interaction of Carboryhemoglobin with Salts at 25° 








| | ys log ys/ys* 
Salt / ms m: | By-B | - = 4 
yy? mams 
sd ange gett per | mele protein Se) 
mi HO | perk Hx | | 
CaCl, 0.01 0.00042 | 0.0010 0.011 2.7 
0.04 0.00042 | 0.0006 0.007 | 3.2 
0.10 | 0.00042 | 0.0002 | 0.002 | 1.5 
LS 6.00% sca nenen shennan ian cn k naan 2.5 + 0.7 
NaCl 0.01 | 0.00042 | 0.0006 | 0.005 1.2 
0.04 | 0.00042 | 0.0002 | 0.002 | 1.0 
Average.... Paint auivand maleate ena haelee ew Bia 
TABLE V 


Interaction of Serum Albumin with Calcium Chloride at 25° 























y log 72/7" 
ms | m: Ey — Eo | — Leg ye | “= mim; 4 
| 
mole ow kg. mole were per volt | 
0.01 0.001 | 0.0020 | 0.023 | 2.3 
0.01 0.002 0.0034 | 0.038 1.9 
0.04 0.001 0.0010 | 0.011 2.3 
0.04 0.002 0.0018 0.020 2.0 
0.10 0.001 0.0008 0.004 1.5 
0.10 0.0022 | 0.0008 0.009 1.5 
0.25 0.002 | 0.0006 | 0.007 | 1.7 
SL ncccpdagdecsee0eseg ahneak enna ras , 2.0+0.4 





activity coefficient of salt in the protein solution, y;° the same 
function in the reference solution. 
It has been found empirically by earlier studies that —logys/ys° 
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is approximately proportional to ms~‘m,. Accordingly, values 
of the coefficient, a, are given in Tables III to VI as the ratio 



































TaBie VI 
Interaction of Pseudoglobulin with Salts at 25° 
les e/we 
Salt m3 m2 Ey = 3 Ry — Los a= -— — 
mole salt per | mole protein volt 
kg. HO | per kg. HO 
CaCl, 0.01 0.0006 0.0058 | 0.065 10.9 
0.01 0.0009 0.0080 | 0.090 10.0 
0.04 0.0006 0.0027 0.030 10.0 
0.04 0.0009 0.0036 0.041 9.1 
0.10 0.0006 0.0018 0.020 10.5 
0.10 0.0009 0.0024 0.027 9.5 
0.25 0.0006 0.0010 0.011 9.2 
0.25 0.0009 0.0014 | 0.016 9.0 
Sis tind vdgeadkeyeCweresic déededlarenn ewes 9.8+ 0.5 
NaCl 0.01 0.0006 | 0.0050 | 0.042 7.0 
0.04 | 0.0006 | 0.0026 | 0.022 7.3 
0.10 0.0006 0.0014 0.012 | 6.3 
0.25 0.0006 0.0008 | 0.007 | 5.8 
shed nin C a eaaaip acu a hak tela WOE wea ahiv 6.6 + 0.6 
Taste VII 


Influence of Salis on Activity Coefficients of Proteins 
Values of —log y2/y:° are computed from Equation 4 by means of experi- 
mentally determined values of a (Tables III to VI). 








Tonic Gelatin Carboxyhemoglobin| Serum Pseudoglobulin 
































strength, _ | albumin, 

#(T/2) | CaCh | MgCl ZnCl: | CaCh | NaCl L CaCls a] (CeCe | NaCl 
0.03 3.2 3.4 5.1 1.5 0.7 1. 2 4. 6. 
0.12 6.4 6.7 10.2 3.0 1.4 2.4 | hs = 9.2 
0.30 10.0 10.6 16.1 4.7 2.2 3.8 | 18.6 14.5 
0.75 15.9 16.8 25.5 7.5 | | 6.0 29.4 








— (logys/y3°)/(ms~*mz). It is approximately constant for all the 
systems studied. Hence, as a first approximation 


—log ¥:/7° = am; m, (3) 


where a is characteristic of the system. It has been shown earlier 
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(10) that Equation 3 is correlated by thermodynamics with the 
equation 
—log y2/72° = 2vam,} (4) 
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Fic. 2. The influence of calcium chloride on the activity coefficients of 
various proteins at 25°, as estimated from the effects of the proteins on the 
activity of the salt. 


where 2 and 72° are, respectively, protein activity coefficients in 
the presence of salt and in pure water. The solubilities of proteins 
in the presence of salts have been described by equations analogous 
to Equation 4 (3, 8, 19). 
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According to Ferry, Cohn, and Newman (5), this is an empiri- 
cally valid method of characterizing solubility data. Although 
their results on the solubility of hemoglobin in ethanol-water 
mixtures can be characterized by some form of Equation 4, they 
consider it of greater theoretical significance to express their re- 
sults in the form given by the Kirkwood theory (11) for the elec- 
trostatic interaction of ions and complex dipoles. This, as they 
have shown, leads to a linear relation at very low concentrations 
of salt, but approximates a square root formulation at higher con- 
centrations. Their treatment involves also the consideration of 
non-electrostatic forces. Accordingly in Table VII, —log y2/y:° 
is given as a function of yu, the ionic strength, which for the systems 
under consideration is approximately equal to I'/2, the concentra- 
tion unit by which Ferry, Cohn, and Newman describe their re- 
sults. These results are given graphically in Fig. 2, which illus- 
trates the effect of calcium chloride on the activity coefficients of 
the proteins. 


DISCUSSION 


In all the systems studied, the effect of the salt is to reduce the 
activity coefficient of the protein, according to the empirical Equa- 
tion 4. The magnitude of this effect varies widely for different 
proteins, as solubility studies have also indicated, increasing in 
the order, carboxyhemoglobin, serum albumin, gelatin, pseudo- 
globulin. The calculated results for carboxyhemoglobin indicate 
effects of the same order of magnitude as those obtained by solu- 
bility studies on this protein (5, 8, 22). They are, however, based 
on E.M.F. of about 1 millivolt, and are not of great significance. 
The small £.m.F.’s obtained with this protein are related to its low 
solubility, and correspond to its negligible effect on the osmotic 
coefficient of sodium chloride as determined by the freezing point 
method (21). The results for the other proteins are more signifi- 
cant, since for all of them potentials of at least 3 or 4 millivolts 
could be obtained. 

That there is a correspondence between the activity coefficients 
and other electrostatic properties of the proteins is indicated by 
consideration of the values of the molal dielectric increments of 
the proteins. The molal dielectric increment 6 is approximately 
22,000 for carboxyhemoglobin (18), 20,000 for the most polar 
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serum albumin fraction studied by Ferry and Oncley (6), and 
135,000 for the pseudoglobulin fraction employed in the present 
studies.' The value of 6 for gelatin is of the order of 90,000 (4). 
Thus, there appears to be a rough parallel between the molal 
dielectric increments of the proteins and their interaction with 
neutral salts. The relation between these two effects has been 
thoroughly discussed by Cohn (2) for the case of amino acids and 
peptides. The results of the present study appear to indicate a 
general parallelism between 6 and the salt effects, even for such 
highly complex molecules as the proteins. 


The author wishes to express his appreciation to Professor Edwin 
J. Cohn for his interest in this work, and to Professor George Scat- 
chard for his criticisms of the manuscript. 


SUMMARY 


1. A new type of amalgam electrode for studying the interaction 
of proteins and neutral salts is described. Decomposition of the 
amalgam by protein is prevented by a cellophane membrane, 
which is equilibrated with the solution. 

2. It is shown theoretically that such a membrane, provided it 
be in equilibrium with the solution, introduces no significant po- 
tential into the cell. 

3. The p.m.F.’s obtained with this electrode are shown to agree 
with those obtained with flowing amalgam electrodes. 

4. The effects of several proteins on the activity of calcium 
chloride and other salts have been determined. 

5. From the potentiometric data, the effects of calcium chlor- 
ide and the other salts on the activity coefficients have been deter- 
mined. These effects are comparable with the results of solubility 
studies. 
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PURIFICATION OF CRYSTALLOIDS AND COLLOIDS BY 
ELECTRODIALYSIS 


By NORMAN R. JOSEPH 


(From the Department of Physical Chemistry, Harvard Medical School, 
Boston) 


(Received for publication, August 9, 1938) 


Preparations of amino acids, peptides, and other substances 
of a similar character often contain appreciable quantities of 
inorganic salts and other electrolytic impurities which are usually 
very difficult to remove by recrystallization. This difficulty 
results from the fact that the solubility relations of the substances 
involved are often very similar with respect to various solvents. 
In most cases several recrystallizations are necessary to prepare 
electrolyte-free amino acids or peptides, and this usually results 
in considerable losses of material. 

To surmount this difficulty a simple electrodialytic technique 
has been devised, suggested by the Adair-Keys method for the 
determination of total base (1). As illustrated in Fig. 1, the ap- 
paratus consists of a beaker which contains the solution to be 
purified and two cylinders which serve as anode and cathode 
chambers. These may be of any convenient dimensions, de- 
pending on the volume of solution to be purified and the con- 
centration of electrolyte to be removed. The lower end of each 
cylinder is closed by a cellophane membrane. Cellophane, 
previously moistened and blotted, is stretched tightly over the 
end of the cylinder and fixed to the glass by means of collodion. 
About 1 ec. of mercury is introduced into each cylinder. This 
is covered by a small volume of dilute HCl. Platinum elec- 
trodes make contact with the acid solutions. In the electro- 
dialysis, a 110 volt direct current is employed, passing through an 
external resistance of 1000 ohms. Anions in the impure solution 
migrate to the mercury anode and collect within the membrane 
as insoluble salts of mercury, such as calomel, mercurous sulfate, 
etc. Traces of these substances generally appear in the solution, 
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Fic. 1. A, mercury anode; B, B’, cellophane membranes; C, mercury 


cathode; D, D’, dilute acid solutions; Z, EF’, platinum electrodes. 


TaBLe I 


Purification of Various Substances by Electrodialysis 


Volume, approximately 25 ce. 





Initial 


Time of 








Material and approximate concentration condue- | electro- = 
tivity dialysis 
chmascioe| | Some 5c 108 
Distilled water 4.4 6 1.4 
Technical glycine, 0.5 m* 82.7 3 8.1 
5 7.9 
= 7 + 0.001 m KCI, 0.5 m* 223 1 16.2 
2 12.3 
4 7.7 
6 7.6 
" % + 0.001 “ (NH,):SO,, 355 4 8.6 
0.5 m* 6 8.2 
B-Alanine, 0.5 m* 1595 4 505 
20 24.5 
24 23.0 
Carboxyhemoglobin, 1.5%t 650 12 S4 
24 45 
30 45 











* The final concentration agrees with the initial within a few per cent; 
checked by formol titration. 
t Electrodialyzed at 5°. 
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but are readily removed by filtration or centrifugation. Cations 
such as sodium, potassium, ammonium, etc., form amalgams 
within the cathode cylinder, and these react with the acid above 
the mercury, displacing hydrogen. Formation of gas bubbles 
in the acid solutions within the anode and cathode chambers is 
an effective indication of the conductivity of the solution that is 
being purified. Electrodialysis is continued until the evolution 
of gas in these chambers is very slow. It is then discontinued 
and the conductivity of the sample is determined. The process 
is continued until a limiting value is obtained. 

The results of several electrodialyses of various solutions are 
presented in Table I. 

It is evident from these results that crystalloids containing a 
high percentage of electrolytic impurities can be very effectively 
purified within a few hours by electrodialysis. The conduc- 
tivity of the glycine solutions purified by this method is slightly 
lower than the values reported by Mehl and Schmidt (2) for 
glycine which had been recrystallized several times. It should 
be pointed out that this technique can also be applied to the puri- 
fication of colloids as well as crystalloids. The carboxyhe- 
moglobin solution electrodialyzed by this method showed no in- 
dication of methemoglobin on spectroscopic examination. 


SUMMARY 


1. A method for the purification of crystalloids by electro- 
dialysis is described. The anode and cathode are mercury within 
cellophane membranes. 

2. Results are given for the electrodialysis of some impure 
amino acid solutions and for a solution of carboxyhemoglobin. 
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THE INFLUENCE OF BILE ON EROSIONS OF THE 
CHICK GIZZARD LINING 


By H. J. ALMQUIST anp E. MECCHI 


(From the Division of Poultry Husbandry, College of Agriculture, 
University of California, Berkeley) 


(Received for publication, August 11, 1438) 


Evidence on the necessity of an organic dietary factor for the 
maintenance of the chick gizzard lining has been provided in a 
number of papers (1-4). Progress in the isolation of an anti- 
gizzard erosion factor has been reported by Bird and Oleson (5) 
who attribute a protective action against erosions to chondroitin 
fractions from cartilage. Almquist (6) has found that whole 
bile or bile acids, particularly cholic acid, were effective dietary 
supplements in preventing or curing erosions of the gizzard lining. 
These studies of the effect of bile acids on gizzard erosions have 
been extended. 


Methods and Results 


The diet used in this work consisted of ether-extracted sardine 
meal 17.5, ether-extracted dried brewers’ yeast 7.5, salt plus 
small amounts of manganese, copper, and iron 1.0, cod liver oil 
1.0, and ground polished rice 73.0 parts. A hexane extract of 
alfalfa, treated with activated magnesium oxide and filtered, was 
added to provide adequate vitamin K. On this diet chicks grew 
at normal rates without regard to gizzard erosions. The diet 
was evidently complete in all respects except for the gizzard 
factor. 

Chicks were kept in electrically heated, metal battery brooders 
with wire floors. They were maintained for approximately 2 
weeks on the basal diet and then were given the supplemented 
diets for approximately 3 weeks. 

The average gizzard erosion score (1, 2) was determined by 
arbitrary visual scoring of each gizzard lining on the basis of 0 
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score for no erosion, 0.5 for a doubtful case of erosion, 1 for a 
definite erosion, and 2 for a severe erosion. In a few cases a score 
of 3, indicating a very severe and wide-spread erosion, was as- 
signed. The sum of the individual scores was then divided by 
the number of chicks in the group. 


TaBLe I 


Comparative Effects of Bile Acids on Erosions and on Cholic Acid of Gizzard 
Linings and of Gallbladder Bile 























Cholic acid content 
Average 
cupplament to beet die | Petgeet | Nowot | gemed |) Drie 
score® izzard bindder 
ining bile 
mg. per gm.| mg. per gm. 
Meakivasncadseccsceus 10 1.25 2.1 
 Weiethas sted J23hes 10 1.10 2.5 
i ished ws 40) ~ene wen 10 1.30 2.4 122 
pS Ra a a 10 1.05 3.0 97 
Cholic acid............ 0.5 10 0.00 
“ : 0.5 10 0.20 14.7 | 
a voids! 0.5 11 0.14 12.0 
” a Os Se Pe oe 0.5 10 0.15 14.0 480 
Desoxycholiec acidf.... 0.5 s 0.60 
- yur 0.5 12 0.83 2.0 
o at RP 0.5 nT) 100 | 3.0 87 
Dehydrocholic acid§.....| 0.5 10 0.20 | 1.6 
- ad STE 0.5 10 0.2 | 4.1 84 
“ "0.8... 9 a 








*0 = no erosion; 0.5 = doubtful erosion; 1 = definite erosion; 2 = severe 


erosion. 

t Contained approximately 7 per cent cholic acid. 

t Contained approximately 1.8 per cent cholic acid. 

§ Contained no cholic acid. 

|| Given by five intramuscular (breast) injections of a 10 per cent 
aqueous solution of the sodium salt in total quantity equivalent to 0.5 
per cent of the diet consumed. 


Cholie acid in the gizzard lining was determined quantitatively 
by a reasonably accurate procedure. After removal from the 
chicks, the gizzards and linings were cut open, thoroughly washed, 
and then allowed to stand in water for several hours. The lin- 
ings were peeled from the gizzards, dried in a current of air at 
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room ‘temperature, and then finely ground. The ground lining 
was extracted several times with 95 per cent ethanol at room 
temperature to remove any free bile acids, then placed in a Soxhlet 
extractor and extracted for 15 hours with hot 95 per cent ethanol 
to which had been added 2 per cent of concentrated hydrochloric 
acid. Cholic acid in the acid-aleohol extract was estimated by 
an adaptation of the specific colorimetric furfural procedure (7). 
In a few instances the cholic acid content of the gallbladder bile 
was also determined. The results of these experiments are given 
in Table I. 


DISCUSSION 


It is quite evident from a comparison of the average gizzard 
erosion scores that cholic acid is a much more effective anti- 
erosion supplement than desoxycholic acid. Dehydrocholic 
acid, a synthetic bile acid, is more effective in the diet than in the 
form of a sodium salt given by intramuscular injection. The 
general stimulating effect of all these substances on the secretion 
of bile bears no apparent relation to their power to cure or pre- 
vent gizzard erosions. The comparative ineffectiveness of des- 
oxycholic acid and of injected dehydrocholic acid seems to in- 
dicate that the mechanism of the curative action of cholic and 
dehydrocholic acids on the gizzard lining is a local one. In- 
jection experiments with other bile acids proved impractical 
because of their marked toxicity when so administered. 

The curative effect of cholic acid appears to involve its com- 
bination with the gizzard lining. When desoxycholic acid or 
no supplement at all was fed, the eroded condition of the linings 
was quite severe, and the cholic acid contents of the linings were 
all very similar and small. Cholie acid as a dietary supplement 
greatly increased the cholic acid content of the lining, at the same 
time curing the erosions. On the other hand, the synthetic, 
unnatural dehydrocholic acid did not significantly alter the cholic 
acid content of the lining as compared to that of the groups on 
the basal diet, although it likewise exerted a strong curative in- 
fluence on erosions. This may mean that dehydrocholic acid 
functions in the same way as cholic acid in curing erosions. 

Determination of cholic acid in the portion of lining lost by 
erosion was, of course, impossible, and it may be that in the case 
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of severely eroded linings the data given for the remainder of the 
lining are somewhat too high, since the portion of the lining which 
remains sound is likely to retain a normal content of cholic acid. 

In certain experiments the contents of the gallbladders were 
collected according to groups. Chicks fed only the basal diet 
had very small gallbladders from which, in many individuals, 
searcely any bile could be obtained. Chicks fed any of the bile 
acid supplements had normal gallbladders which yielded good 
quantities of bile. It was apparent that chicks on the basal diet 
were comparatively poorly supplied with bile, a condition which 
is consistent with the eroded state of their gizzard linings. Re- 
gardless of the differences in volume of bile per chick, the total 
cholic acid per gm. of dried gallbladder bile was slightly lower in 
the groups fed dehydrocholic acid and desoxycholic acid than in 
the basal groups. Cholic acid in the diet caused a large increase 
in the total bile cholic acid. 

At this point may be added some further observations having 
a bearing on the subject. Gizzard linings of chicks fed only the 
basal diet have a normal yellow color even when the diet is free 
of fat-soluble plant pigments. Colorimetric reactions of the 
alcohol-extracted pigments from the gizzard lining indicate that 
they are bile pigments. Cholic acid in the diet causes a marked 
decrease in the alcohol-extractable pigments of the gizzard lin- 
ing, while desoxycholic and dehydrocholic acids cause, if anything, 
a slight increase. 

These facts suggest that bile normally, at least at intervals, 
finds its way into the gizzard.1. When the bile is deficient in 
cholic acid or when the quantity of bile is small, erosions of the 
lining develop but the coloration of the lining by bile pigments 
is not diminished. On the other hand, when cholic acid from 
the diet is constantly present, the erosions are cured, but the nor- 
mal entrance of bile may be inhibited and the coloration 
thereby diminished. 

If these assumptions are correct, then desoxycholic and de- 
hydrocholie acids have no similar inhibiting effect on the presence 
of bile in the gizzard. The slight curative action of desoxycholic 


1 Dr. L. W. Taylor has called our attention to the fact, frequently 
observed by him, that the gizzard of the chick embryo may, in the later 
stages,contain bile as identified by the characteristic tests for bile pigments. 
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acid might, therefore, be attributed to its known power as a 
cholagogue. The marked curative action of dehydrocholic acid 
cannot be adequately explained in this way, and it is necessary 
to assume direct action as well. 

The presence of gizzard erosions in chicks on the basal diet 
seems to be related principally to the small quantity of bile. 
The basal diet evidently lacks some property or substance which 
leads to the normal secretion of bile. Conceivably, then, any 
condition, such as disease, malnutrition, or poor environment, 
which might inhibit the normal secretion of bile, directly or in- 
directly, may lead to or enhance a condition of gizzard erosion. 
This is a possible explanation for many cases of gizzard erosion 
that occur in commercial flocks of chicks, and which seem, fre- 
quently, to be associated with poor development. The presence 
of gizzard erosions in chicks has often been accepted as sufficient 
cause of an unthriftiness; however, it can be shown, experi- 
mentally, that growth and development are not noticeably hin- 
dered by severe erosions. The occurrence of gizzard erosions in 
commercial chicks is probably to be regarded as an effect of rather 
than a cause of poor growth and health. 


The authors are indebted to Professor C. L. A. Schmidt for 
his interest and advice, and to the Works Progress Administration, 
Project A. P. No. 465-03-3-209, for general assistance in this 
work. We are grateful to Riedel-de Haen, Inc., for provision 
of certain of the bile acids. 


SUMMARY 


Cholie acid is an effective dietary supplement in the cure or 
prevention of erosions of the gizzard lining. Dehydrocholic acid 
is almost equally effective, while desoxycholic acid is compara- 
tively ineffective. 

Cholic acid is an integral part of the gizzard lining and a de- 
ficiency of bile or of cholic acid in the chick leads to erosions of 
the lining. 
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QUANTITIES OF LACTIC ACID 
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(Received for publication, August 11, 1938) 


This method was developed to evaluate the réle of lactic acid 
in the pathogenesis of human dental caries. Lactic acid has long 
been considered the most important factor in the dissolution of 
the mineral material which occurs in dental caries; however, ex- 
perimental proof for this assumption has been lacking. To 
study this problem it is desirable to investigate the presence or 
absence of lactic acid in the very early carious lesions. These 
areas contain such minute quantities of soluble material that 
existing methods are inadequate for the determination of the 
amounts of lactic acid which may be present. 

This report describes a quantitative method for lactic acid based 
upon the highly sensitive color reaction of Eegriwe (1933). 
Eegriwe’s qualitative test utilizes the oxidation of lactic acid to 
acetaldehyde by hot, concentrated sulfuric acid; from the acetal- 
dehyde an intense, bluish violet color is produced by reaction with 
p-hydroxydiphenyl. By a thorough study of the factors influenc- 
ing the oxidation of lactic acid, and the subsequent color reaction, 
we have been able to convert the Eegriwe test into a method for 
the quantitative estimation of ultramicroquantities of lactic acid. 

All the methods hitherto available’ (except that of Kirk)? 
require 10 to 100 micrograms of lactic acid. Our method has an 


! The various current methods for quantitative estimation of lactic acid 
in biological materials are reviewed by Peters and Van Slyke (1932). 

? Dr. P. L. Kirk has kindly sent us details of his unpublished method 
for the ultramicrodetermination of lactic acid by a distillation and titra- 
tion procedure. In its present form Dr. Kirk’s method is somewhat less 
sensitive than the procedure given in this paper, and it is considerably 
more time-consuming. 
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optimum sensitivity between 2 and 10 micrograms, and may be 
employed to determine quantities as small as 0.1 microgram. 
The method has certain other advantages over existing ones in 
that (1) it is almost completely specific for lactic acid,’ (2) it does 
not give a reaction with carbohydrates, and thereby obviates the 
procedures for removal of carbohydrate, and (3) it is extremely 
simple to perform, and its actual working time per determination 
appears to be less than that of any other method. 

As shown later the method is very well suited to the analysis 
of lactic acid in carious tooth material. Because of the several 
advantages of the method over existing ones, it seemed desirable 
to extend it to determination of lactic acid in biological fluids such 
as serum and saliva. 


Reagents 


Sulfuric acid, sp. gr. 1.84 (Kahlbaum’s pro analysi grade). 

p-Hydroxydiphenyl (Eastman). This compound must be puri- 
fied as follows: Dissolve about 30 gm. in a minimum volume of 
warm, pure acetone. Add water until a solid begins to separate 
and chill the solution to 0°. Remove the crystals by filtration; 
redissolve them in acetone and repeat the crystallization twice. 
The third crop of crystals is dried rather completely by a current 
of clean air, and then dissolved in a minimum volume of hot ab- 
solute acetone (about 55°). The solution is chilled to 0°; the crys- 
tals are filtered off and dried for 12 hours at 80° in a perfectly clean 
place. 

Metaphosphoric acid (Reagent grade). A 7 per cent aqueous 
solution is prepared fresh each day. 


Procedure 


Exactly 0.2 ec. of the sample is measured into a glass-stoppered, 
Pyrex test-tube (15 X 120mm.). The tube is placed in ice water 
while exactly 1.5 ec. of the concentrated sulfuric acid are added 


* Dr. E. 8. G. Barron (personal communication) employs an enzyme 
found in the gonococcus (Barron and Hastings, 1933) to oxidize lactic acid 
to pyruvic acid, and determines lactic acid by measuring the oxygen up- 
take in the Warburg apparatus. The method is specific for a-hydroxy 
acids. It requires a sample of lactic acid about 100 times greater than 


our method. 
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slowly. The ground glass portion of the tube is lubricated con- 
veniently with the small amount of acid that remains in the tip 
of the 1.5 ce. delivery pipette. The tube is stoppered tightly, and 
its contents are mixed by gentle shaking. The tube is then placed 
in a copper rack and heated in a boiling water bath for 5 minutes. 
It is cooled immediately in deep ice water for 10 to 15 minutes and 
then removed from the bath and gently rotated for a few seconds 
on its long axis at an angle of about 25° to the horizontal. It is 
placed in the upright position, allowed to drain for a few seconds, 
and then unstoppered. 8 mg. of very finely pulverized p-hydroxy- 
diphenyl‘ (weighed to within 0.2 mg.) are added through a 
small funnel whose partially constricted stem almost touches the 
solution in the tube. This technique prevents undesirable 
scattering of the powder on the walls of the test-tube. The tube 
is restoppered firmly and its contents mixed by gentle, but thor- 
ough agitation. The mixture should not be splashed on the walls 
of the tube. 

The tube is kept at room temperature for 1 hour to develop 
maximum color. It is then placed in a boiling water bath for 
exactly 90 seconds and cooled immediately to room temperature. 
After this final heating the solution should have a clear, blue- 
violet color. The color is stable for several hours at room tem- 
perature. 

The solutions are read against a blank in a Pulfrich stufen- 
photometer at 5 mm. stratum length and through the 8-57 filter. 
The 5 mm. cup is supported on a small pad because of the small 
volume of fluid employed; with such a pad the diaphragm aperture 
is adequately covered even though the cup contains only 1.5 to 
1.7 ce. of fluid. The extinction coefficient is obtained and its 
value converted to micrograms of lactic acid per 0.2 cc. sample by 
means of a calibration chart. 

The blank determination is made by subjecting 0.2 cc. samples 
of H,O to the entire procedure described above. The extinction 
coefficient of the blank should be less than 0.025. 


‘ p-Hydroxydipheny] is used in the solid form because attempts to find 
a non-reactive solvent were unsuccessful. The following solvents dissolve 
the reagent but all interfere with the method: ethyl alcohol, methy! alco- 
hol, n-butyl alcohol, isoamyl! alcohol, carbon tetrachloride, chloroform, 
acetone, dioxane, and ether. 
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Determination of Lactate in Teeth and Carious Material—The 
tooth or carious material is pulverized in a mortar, weighed, and 
extracted by shaking for 30 minutes in a suitable volume of redis- 
tilled water (1.5 cc. is most convenient). The supernatant fluid 
is filtered through a sintered glass filter which has been coated 
with acid-washed asbestos. 0.2 cc. of the clear filtrate is used for 
the analysis. 

Determination of Lactate in Serum—To 1 volume of blood serum 
are added 1 volume of fresh 7 per cent metaphosphoric acid and 8 
volumes of H,O. After thorough agitation, the mixture is allowed 
to stand for 10 minutes, and then centrifuged at high speed (3500 
R.P.M.) for 10 minutes. The supernatant fluid, with suitable dilu- 
tion if necessary, is analyzed in aliquots containing 0.2 cc. Re- 
moval of carbohydrate is unnecessary. Whenever possible, 
filtrates should be diluted to contain 2 to 10 micrograms of lactic 
acid in 0.2 cc. 

Determination of Lactate in Saliva—1 volume of saliva is diluted 
with an equal volume of H,O. 0.2 cc. samples are analyzed by 
the usual procedure. 

Modified Procedure for Specific Determination of Lactic Acid in 
Presence of Pyruvic Acid—The method given above allows 5 min- 
utes for sulfuric acid to oxidize the lactic acid to acetaldehyde. 
With this procedure, pyruvic acid has been found to yield a color 
equivalent to 20 per cent of that given by an equal weight of 
lactic acid. We have found that longer periods of heating with 
sulfuric acid diminish the color given by pyruvic acid, and after 
15 minutes heating the color reaction with pyruvic acid disappears 
completely. With the longer period of heating the final color 
given by lactic acid is only about 8 per cent less than that obtained 
in the shorter period with the regular procedure. Thus, if neces- 
sary, lactic acid may be sharply differentiated from pyruvic acid 
by increasing the period of heating with sulfuric acid to 15 minutes. 
The other details of the procedure remain unaltered. If the modi- 
fied method is employed, a new calibration should be obtained 
with standard lactate solutions. 


EXPERIMENTAL 


Calibration of the Method—As noted in the section on procedure 
the concentration of lactic acid is obtained from a graph relating 
the extinction coefficient to concentration of lactic acid. The 
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calibration is made on standard solutions containing pure lithium 
lactate,’ in concentrations varying from 0.5 to 10 micrograms per 
0.2 cc. (The concentrations refer to the lactic acid equivalent of 
lithium lactate.) The extinction coefficients are plotted against 
the concentration of lactic acid on linear graph paper (or the per 
cent light transmission may be charted against concentration on 
semilogarithmic paper). A linear relationship between extinction 
‘coefficient and concentration of lactate is found from 0.5 to 10 
micrograms per 0.2 cc. of sample, indicating that the light absorp- 
tion in this range obeys the Lambert-Beer law. 

Sensitivity and Precision of the Determination in Pure Solutions 
of Lithium Lactate—The calibration line as determined above has 
been checked at different times on fresh lactate solutions and is 
reproducible to within 5 per cent. Duplicate analyses on quan- 
tities of from 3 to 10 micrograms check within 2 to 3 per cent, and 
with 1 microgram per sample agree within 5 per cent. If an un- 
usually high degree of precision is required, e. g. 2 per cent in the 
range of 0.5 to 1.5 micrograms per sample, it is advisable to deter- 
mine several standard lactate solutions of concentrations corres- 
ponding to the unknown solutions. 

The extreme sensitivity of the color reaction is demonstrated 
by the span of 75 per cent in light transmission for a change in 
concentration of from 1 to 10 micrograms. It should be noted that 
the determination is performed at the shortest stratum length 
ordinarily employed in the Pulfrich stufenphotometer. For 
semiquantitative measurements on amounts of lactic acid between 
0.1 and 0.5 microgram per sample we have employed a 50 mm. stra- 
tum length cup and a special microattachment which is inter- 
changeable with the cup holders ordinarily used in the stufenphoto- 
meter. This special cup requires only 1 cc. at a 50 mm. stratum 
length. However, in our experience it is much more convenient 
to use the 5 mm. macrocup whenever possible. 

The Pulfrich stufenphotometer has been employed because of 
its availability in our laboratory; undoubtedly the microattach- 
ment of the Evelyn photoelectric colorimeter (1936) could be used 
satisfactorily. For analyses requiring less precision one may em- 
ploy the Duboscq colorimeter with microcups. 

Specificity—-The method has been tested on a number of organic 


* Lithium lactate was prepared by the method of Hillig (1937). 
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acids which are related structurally to lactic acid, or which may be 
associated with lactic acid in biological reactions. In addition a 
few non-acidic compounds of similar structure to lactic acid have 
been studied. The reactions are given in Table I, which shows 
that the method has a very high degree of specificity for lactic 
acid as compared with other compounds. It should be noted that 


TaBLe | 


Comparison of Color Reaction Given by Lactic Acid and Related Compounds 
In each test 6 micrograms of the compounds listed below were used. 











Compounds giving blank test Reactive compounds 

Malic acid 8-Rhamnose Very slight trace of 
color 

Fumaric acid | 1,3-Dihydroxybutyric n " 

Malonic acid lactone 

Succinic acid 

Citric acid Pyruvic acid (5 min. Color equal to that 

Tartaric acid period of heating with given by 1 micro- 

Glycerophosphoric acid H,S0,) gram lactic acid 

Acetic acid 

Glycolic acid | Pyruvic acid (15 min. | Blank test 

Oxalic acid | period of heating with 

Formic acid | H,.SO,) 

2,3-Dihydroxybutyric | 

acid 


8-Hydroxy butyrate 

2,3-Dihydroxybutyric | 
lactone 

a-Hydroxyisobutyric 
acid 

a-Hydroxy-n-butyric 
acid 





the slight color given by pyruvic acid can be removed entirely by 
use of the modified method described above. 

Analysis of Lactate in Powdered Tooth Substance—To test the 
effect of carious tooth substance on the determination of lactic acid 
the following experiment was performed: 200 mg. of carious tooth 
powder were eluted with 5 ce. of cold water. ‘The suspension was 
filtered through asbestos, and 0.2 cc. of the filtrate was evaporated 
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Taste Il 


Analysis of Lactate Added to Aqueous Extract of Carious Tooth Material 





Lactic acid added Lactic acid found Error 

















micrograms micrograme per 0.2 cc. micrograms per 0.2 ec 
0 1.0 
0.5 1.3 —0.2 
1.0 1.75 —0.25 
3.0 3.92 —0.08 
4.0 4.75 —(0.25 
5.0 6.10 +01 
6.0 7.3 +0.3 
8.0 9.05 +0.05 
10.0 10.85 —0.15 
Taste III 
Determination of Lactic Acid in Tooth Substance, Serum, and Saliva Con- 
taining Added Lactate 
Lactic acid a , 
Material analyzed — oe ~ Kagtondé Error 
mg. per cent mg. per cent mg. per cent per cent 
Serum 39.5 48.0 89.0 +1.7 
e 21.2 22.2 45.3 +4.4 
- 21.2 26.6 49.8 +4.2 
"per 08 cc. ™iCrograms ce. 
Carious tooth elution 0.4 5.0 5.6 +3.7 
sa a oe 0.5 5.0 5.6 +1.8 
” a * 0.3 5.0 5.6 +5.4 
micrograms 
- = - 2 75 75.4 —2.1 
- = 23 ™ 22.8 5D 74.0 +2.3 
” = = 115.5 25 138.6 —1.3 
y mg. per conte. per cent mg. per cent 
Saliva 4.9 4.0 | 8.2 -7.9 
e ” 3.2 5.0 7.9 —3.7 
d " 3.1 4.0 6.9 —2.8 
h * The lactic acid was added as lithium lactate. The values in the table 


are all calculated as lactic acid. 











SE re 
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just to dryness at 80°. To the residue in each tube 0.2 cc. of stand- 
ard lactate solution was added and the lactic acid determined in 
the usual manner. Suitable controls were performed without 
added lactate. In Table II the lactic acid found by analysis is 
compared with the calculated concentrations. It is shown there 
that aqueous extracts of carious tooth substance do not interfere 
with the sensitivity of the method. Further examples of the 
accuracy of the method in the presence of tooth extracts are given 
in Table IIT. 

Accuracy of Method When Applied to Determination of Lactic 
Acid in Serum and Saliva—Data showing the satisfactory recovery 


TaBie IV 


Simultaneous Determinations of Lactic Acid in Serum by the Avery-Hastings 
Gasometric Method and the Authors’ Ultramicromethod 








Human serum Lactic acid fouad by Lactic acid found by 
sample No. Avery-Hastings method ultramicromethod 
7 mg. per 100 cc. mg. per 100 ec. 
1 23.4 22.9 
2 18.8 19.1 
3 39.7 41.8 
4t 89.0 91.2 
5t 62.0 60.1 





* The ultramicroanalyses were performed on 1:10 metaphosphoric acid 


filtrates of serum. 
+ These sera contained added lactate. 


of lactic acid from serum and saliva are given in Table III. The 
results of analyses performed simultaneously on sera by the gaso- 
metric method of Avery and Hastings (1931-32) and by the 
authors’ method are presented in Table IV. The two methods 
give almost identical values. 


SUMMARY 


A method for the precise determination of ultramicroquantities 
of lactic acid in carious tooth substance, serum, and saliva has 
been described. The method has its optimum sensitivity in the 
range of 2 to 10 micrograms, and it may be employed to estimate 
quantities as small as 0.1 microgram of lactic acid. The advan- 
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tages of the method over current macro- and micromethods for 
lactic acid are its increased sensitivity and specificity, elimination 
of procedures for removal of carbohydrates, and its simplicity and 
brevity of operation. 
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